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ABSTRACT
Galactic nuclei typically host either a Nuclear Star Cluster (NSC, prevalent in galaxies
with masses . 1010M) or a Massive Black Hole (MBH, common in galaxies with
masses & 1012M). In the intermediate mass range, some nuclei host both a NSC and
a MBH. In this paper, we explore scaling relations between NSC mass (MNSC) and
host galaxy total stellar mass (M?,gal) using a large sample of NSCs in late- and early-
type galaxies, including a number of NSCs harboring a MBH. Such scaling relations
reflect the underlying physical mechanisms driving the formation and (co)evolution of
these central massive objects. We find ∼1.5σ significant differences between NSCs in
late- and early-type galaxies in the slopes and offsets of the relations reff,NSC–MNSC,
reff,NSC–M?,gal and MNSC–M?,gal, in the sense that i) NSCs in late-types are more
compact at fixed MNSC and M?,gal; and ii) the MNSC–M?,gal relation is shallower
for NSCs in late-types than in early-types, similar to theMBH–M?,bulge relation. We
discuss these results in the context of the (possibly ongoing) evolution of NSCs, depen-
ding on host galaxy type. For NSCs with a MBH, we illustrate the possible influence
of a MBH on its host NSC, by considering the ratio between the radius of the MBH
sphere of influence and reff,NSC. NSCs harbouring a sufficiently massive black hole are
likely to exhibit surface brightness profile deviating from a typical King profile.
Key words: galaxies: nuclei – galaxies: star clusters – galaxies: quasars: supermassive
black holes
1 INTRODUCTION
A growing body of observational evidence indicates that
the nuclear regions of galaxies are often occupied by a
nuclear star cluster (NSC) and/or a super massive black
hole (SMBH), with NSCs being identified in more than
> 60− 70% of early- (e.g. Durrell 1997; Carollo et al. 1998;
Geha et al. 2002; Lotz et al. 2004; Côté et al. 2006; Turner
et al. 2012; den Brok et al. 2014) and late-type galaxies (e.g.
Böker et al. 2002, 2004; Balcells et al. 2007b,a; Seth et al.
2006; Georgiev et al. 2009a; Georgiev & Böker 2014; Carson
et al. 2015). Driven by apparent similarities in the scaling
relations of SMBHs and NSCs with host galaxy properties,
Ferrarese et al. (2006a) introduced the term Central Massive
? E-mail: georgiev@mpia.de ; iskren.y.g@gmail.com
Object1 (CMO), suggesting that the formation and evolu-
tion of both types of central mass concentration may be
linked by similar physical processes.
Indeed, the mass range of the two components of CMOs
overlap, with SMBHs having MBH& 106M (e.g. Gültekin
et al. 2009; Rusli et al. 2013; McConnell & Ma 2013), and
NSC masses falling in the range 104 . MNSC . 108M.
BothMBH andMNSC have repeatedly been found to corre-
late with a range of host galaxy properties including galaxy
luminosity, mass, stellar velocity dispersion (σ), AGN activ-
ity etc. (e.g. Gültekin et al. 2009; Seth et al. 2008a; Kor-
mendy & Ho 2013, and references therein). These correla-
tions followed the earlier discoveries that the mass of the
SMBH scales with the host galaxy B-band bulge luminosity
1 To clarify the terminology, we will use the tern CMO to describe
the sum of NSC and MBH, if both are present.
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(Kormendy & Richstone 1995), dynamical mass (e.g. Magor-
rian et al. 1998; Häring & Rix 2004), stellar velocity disper-
sion (Ferrarese & Merritt 2000; Gebhardt et al. 2000) and
central light concentration (e.g. Graham et al. 2001).
Similar scaling relations are also found to hold between
the mass of NSCs and their host galaxy bulge luminosity,
mass (e.g. Ferrarese et al. 2006a; Wehner & Harris 2006) as
well as morphological type (e.g. Rossa et al. 2006; Erwin &
Gadotti 2012). The detailed shape of these relations possibly
depends on host galaxy morphology, as suggested by Erwin
& Gadotti (2012) who report a systematic difference in the
NSC mass fraction between early- and late-type hosts. It
is, however, still hotly debated which is the fundamental
physical mechanism setting these scaling relations (e.g. gas
accretion, cluster and/or galaxy mergers Silk & Rees 1998;
McLaughlin et al. 2006; Li et al. 2007; Leigh et al. 2012;
Antonini 2013), or any combination of these (see reviews
by Kormendy & Ho 2013; Cole & Debattista 2015). Proper
understanding of these issues is crucial for gaining insight
into the formation and growth of CMOs, and, in turn, how
a CMO might impact the evolution of the host galaxy.
Perhaps one of the most intriguing observations is the
coexistence of NSC and SMBH in galaxies with masses
aroundMgal ' 1010M (Filippenko & Ho 2003; Seth et al.
2008a, 2010; Graham & Spitler 2009; Neumayer & Walcher
2012), with the best-studied example being the center of the
Milky Way (Schödel et al. 2007; Ghez et al. 2008; Gillessen
et al. 2009; Genzel et al. 2010; Feldmeier et al. 2014; Schödel
et al. 2014). Throughout this paper, we will use the term “co-
existing” whenever describing an NSC that contains a MBH.
Finding coexisting NSCs and MBHs has triggered numerous
studies to understand the nature of this co-existence and the
processes involved in their formation, growth, mutual influ-
ence, and co-evolution (e.g. McLaughlin et al. 2006; Li et al.
2007; Nayakshin et al. 2009; Bekki & Graham 2010).
For example, Neumayer & Walcher (2012) discuss the
possibility that NSCs are susceptible to destruction by BHs
when MBH /MNSC >> 1, or when the MBH sphere of in-
fluence becomes comparable to the size of the NSC (Merritt
2006). Recent N−body simulations have demonstrated that
the capture and accretion of stars migrating within the BH
sphere of influence can significantly contribute to the mass
growth of black holes as well as the central core density of
the host galaxy (Brockamp et al. 2011, 2014). From the-
oretical arguments, the growth rate of MBHs is expected
to increase with MBH mass and likely requires a seed BH
withM > 100M, unless the BH host cluster is very dense
(Baumgardt et al. 2004a,b, 2005, 2006). These simulations
also show that a significant fraction of stars can escape from
the cluster due to close encounters with the MBH (Baum-
gardt et al. 2004a, 2006).
The presence of a MBH can inhibit the onset of core-
collapse in the NSC, and cause the NSC to expand, and ul-
timately to be disrupted (e.g. Merritt 2006, 2009; Tremaine
1995). Depending onMBH and the cluster core density (con-
centration and core velocity dispersion), the impact of tidal
stress forces from the MBH on the NSC will become signifi-
cant at a radius comparable to that of the MBH sphere of in-
fluence, rinfl,BH which scales linearly withMBH. Therefore,
the effect of a MBH on the stellar orbits in the NSC is likely
to be more pronounced in massive host galaxies (because
more massive galaxies host more massive MBHs). This is
true even in formation scenarios that involve the merging of
systems: regardless of whether a NSC spirals into a nucleus
that already contains a MBH, or whether a MBH falls into
a nucleus occupied by a NSC, the structure and integrity of
the NSC will be impacted if the MBH mass is a sufficiently
high fraction of the bound NSC mass (e.g. Antonini et al.
2012, 2015; Antonini 2013, see also refs. in § 3.3)
In massive globular clusters (GCs) and ultra compact
dwarf galaxies (UCDs), the presence of MBHs is hotly de-
bated. If confirmed, this would add support to the no-
tion that some GCs may be the former nuclei of galaxies
which lost significant amounts of mass in galaxy interac-
tions/merging (e.g. Lützgendorf et al. 2013; Mieske et al.
2013; Seth et al. 2014, and refs therein). The (non-)presence
of MBHs is therefore an extremely important factor for the
study of the various types of compact stellar systems (NSCs,
UCDs, and massive GCs), and possible evolutionary connec-
tions between them (e.g. Gregg et al. 2009; Price et al. 2009;
Georgiev et al. 2009b,a, 2012; Taylor et al. 2010; Misgeld &
Hilker 2011; Chiboucas et al. 2011; Brüns et al. 2011; Norris
& Kannappan 2011; Foster et al. 2011; Pfeffer & Baumgardt
2013; Puzia et al. 2014; Georgiev & Böker 2014; Frank 2014;
Norris et al. 2014; Seth et al. 2014).
Here, we explore scaling relations between the size/mass
of NSCs and the stellar mass of their host galaxies, M?,
sorted by host morphology. In this context, it is reasonable
to consider the total mass of the host galaxy (rather than
just bulge mass). This is because the bulge mass of an early-
type, elliptical galaxy is effectively equal to its total stellar
mass, while in late-type galaxies, the bulge - if it exists at all
- is negligible compared to the disk component. Therefore,
the main mass reservoir for NSC and/or SMBH formation
in late-type disks would be ignored in studies that only con-
sider the bulge mass of the host. While a few previous stud-
ies (Carollo et al. 1998; Erwin & Gadotti 2012) have taken
the approach of considering the total host galaxy mass, our
work significantly improves on the number of objects and the
galaxy mass range, taking advantage of our recent catalogue
of NSCs in disk galaxies (Georgiev & Böker 2014).
In § 2, we describe the galaxy sample and the calcula-
tion of photometric masses for NSC and host galaxy. In § 3,
we present the analysis and comparison between late- and
early-type galaxies using relations between NSC mass and
size,MNSC - reff,NSC as well as between NSC properties and
host galaxy stellar mass, reff,NSC -M? (§ 3.1), and MNSC -
M? (§ 3.2). For nuclei with co-existing NSC and SMBH, we
show in § 3.3 the corresponding relations for the combined
CMO mass,MBH+NSC -M?, and the ratio between the ra-
dius of the BH sphere of influence and the NSC effective
radius, rinfl,BH/reff,NSC. The results are discussed in § 4 and
our conclusions are summarized in § 5.
2 DATA SAMPLES AND DERIVING NSC AND
GALAXY PHOTOMETRIC MASS
2.1 Morphological Sample Definitions
One of our main goals for this study is to check for differences
in the CMO properties between early- and late-type galax-
ies, i.e. in nuclei of dynamically “hot” (bulge-dominated) and
“cold”, (disk-dominated) host galaxies. Such a morphology-
c© 2014 RAS, MNRAS 000, 1–22
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based separation could indicate two different modes of evo-
lution, e.g. active and inactive. Any observed differences
between late- and early-type NSCs could therefore reflect
the underlying environmental conditions for CMO forma-
tion (e.g. Leigh et al. 2015).
To define our NSC sample, We use the t−type galaxy
morphological parameter defined by de Vaucouleurs et al.
(1991). The overall sample is comprised of NSCs in spheroid-
dominated galaxies from Côté et al. (2006) and Turner et al.
(2012), as well as in disk-dominated galaxies from Georgiev
& Böker (2014) and Georgiev et al. (2009a). We divide this
master sample into sub-samples of NSCs in early- and late-
type hosts using the following criteria: the early-type sub-
sample is comprised of all galaxies with t<0 (i.e. bulge dom-
inated Es-S0s), while the late-type sub-samples contains all
galaxies with t > 3 (i.e. disk dominated, Sb and later). To
demonstrate the clear separation of the two sub-samples, we
show in Figure 1 histograms of the t-type distribution within
each subsample. This approach enables us to identify gen-
eral trends and differences between the properties of NSCs
in bulge and disk-dominated host galaxies, such as those re-
ported by Erwin & Gadotti (2012) who find a change in the
the mass ratio MNSC/M?,gal occuring around t ' 3 (their
Fig. 4), i.e. close to the morphological separation between
our late- and early-type sub-samples.
We also note that our two sub-samples are dominated
by galaxies in different environments. While virtually all
NSC hosts in the early-type sample are located in a clus-
ter environment (Virgo or Fornax), the late-type galaxies
are found mainly in a lower density (group) environment,
except for 12 galaxies (<10%) that are members of Virgo or
Fornax according to catalogues of Binggeli et al. (1985) and
Ferguson & Sandage (1990). We highlight these 12 objects
with a solid histogram in Figure 1.
Relevant only for the NSC-MBH discussion in § 3.3.1
and 3.3.2, we also use data for galaxies hosting both a
NSC and a MBH from Neumayer & Walcher (2012) and for
SMBH host galaxies from McConnell & Ma (2013). Both
studies contain galaxies with a wide range of morphological
types, and in order to separate these objects into early- and
late-types, we adopt a galaxy morphology dividing line at
t=3.
2.2 NSC photometry and mass
Deriving accurate photometric masses relies on properly ac-
counting for foreground Galactic extinction to a given galaxy
and precise knowledge of its distance. For this purpose, we
retrieved the foreground Galactic extinction E(B − V ) and
the (median value of the) distance modulus for all sample
galaxies from NED2. The NED extinction values are based
on the Schlafly & Finkbeiner (2011) recalibration of the
Schlegel et al. (1998) extinction map, for which we calculate
filter-specific values assuming the Fitzpatrick (1999) redden-
ing law with RV =3.1. The values for E(B−V ) and m−M
used for the computation of photometric stellar masses are
listed in TableA1. We emphasize that possible NSC redden-
ing due to host galaxy self-absorption is not accounted for.
A correction for an AV ' 0.4mag would increase the NSC
2 http://ned.ipac.caltech.edu
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Figure 1. Morphological distribution of the early- and late-type
sub-samples. The t-type values are from HyperLEDA (based on
de Vaucouleurs et al. 1991).
mass by a factor of two (at fixed age and metallicity), which
needs to be considered when estimating the systematic un-
certainties (see also § 2.2 and discussion in § 3.2). The values
forMNSC andM? derived as described in the next sections
are tabulated in TableA13.
The sample of NSCs in late-type galaxies in this work
comes from the recently published catalogue of 228 NSCs in
nearby (.40Mpc), moderately inclined spiral galaxies with
t > 3 (Georgiev & Böker 2014). These selection criteria en-
sure that the effects of any light contamination from the host
galaxy disk and (pseudo-)bulge on the derived NSC prop-
erties are minimized. The catalogue contains luminosities
calculated from the flux within the best fitting King model
of a given concentration index. This provides the most ac-
curate photometry in a nuclear environment because is less
affected by nearby contaminating sources.
The Bell et al. (2003) mass-to-light ratio (M/L)-colour
relations are available for the SDSS, 2MASS, and John-
son/Cousins magnitude systems. However, as discussed in
Georgiev & Böker (2014), we prefer to work in the na-
tive WFPC2 magnitudes to avoid propagating uncertain-
ties from transformations between the various photomet-
ric systems. For each NSC, we obtain the M/L-ratio using
the NSCs magnitudes in Georgiev & Böker (2014) and the
Bruzual & Charlot (2003) SSP models for solar metallicity
and a Kroupa (2001) IMF. As shown by spectroscopic stud-
ies of NSCs in late-type galaxies, the assumption of solar
metallicity is a reasonable one for these objects (e.g. Rossa
et al. 2006; Walcher et al. 2006; Seth et al. 2006). To calcu-
late the luminosity weighted photometric mass of the NSCs,
MNSC, we used the available colour information in the vari-
ous combinations of the most reliably calibrated WFPC2 fil-
ters (F300W,F450W,F555W,F606W,F814W ). We obtain
the SSP model M/L by matching the NSC colours to the
model colours. If more than one colour is available, we cal-
culate the error weighted mean of the different M/L-values
to obtainMNSC, which helps to minimize systematic uncer-
3 Full version of the table is available in the electronic version of
the journal
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Figure 2. Ratio between MNSC measurements from spec-
troscopy (from Rossa et al. 2006) to those from photometric
colours (this study). The error-weighted straight line fit (solid
horizontal line) is plotted, together with the rms scatter of the
data (shaded area). The dashed horizontal lines show the ±50%
range around a mass ratio of 1. The plotted errors are only from
our study, as there are no error bars provided by Rossa et al.
(2006).
tainties (cf McGaugh & Schombert 2014). For NSCs with
photometry in only one band (i.e. without colour informa-
tion), we used the sample median colours containing that
filter to calculate the error weighted mean of the M/L from
the possible colour combinations containing that filter, e.g.
for a NSC with only F814W magnitude, we used the median
F300W−F814W, F450W−F814W and F606W−F814W
colours of the NSC sample to calculate the error weighted
SSP modelM/LF814W . We checked, and expectedly, the cal-
culatedMNSC using the sample median colours showed no
systematic difference between those NSCs with mass calcu-
lated from measured colour(s).
Although these colours are representative for the en-
tire sample of NSCs, we caution that there may still be a
small bias in the NSC masses derived from different filters.
We checked for this using NSCs observed in multiple fil-
ters, but did not find any systematic differences. We also
note that NSCs with uncertainties larger than > 100% in
MNSC (shown with gray symbols in subsequent figures) are
excluded from the various fits4.
The formal errors of the measured colours are small
due to the generally very high S/N of the NSC, and thus
introduce only negligible uncertainties in the resultingM/L-
ratios. However, they may still be affected by the possibility
that a small mass fraction of the NSC (δM ≈ 10%) is com-
posed by a younger stellar population (∆t > 5Gyr) which
will outshine the more massive older stellar component. This
will cause a bias towards bluer integrated colours, younger
SSP ages, and a lower M/L values, i.e. towards lower to-
tal MNSC mass (by up to a factor of 5, see also discussion
in § 3.1 and 3.2). Our approach to derive MNSC in late-
type hosts is similar to that in Seth et al. (2008a) who find
good agreement between photometric and dynamical mass
estimates to within a factor of two, which is comparable to
the mass uncertainties calculated here. Nevertheless, in Fig-
ure 2 we illustrate how well our colour-based photometric
NSC masses compare to those obtained from spectroscopic
4 We found no significant differences in the best-fit parameters
when including these NSCs in the fits, using weights that are
inversely proportional to their uncertainty.
analysis (from stellar population fitting, Rossa et al. 2006,
or line widths, Walcher et al. 2006). For those objects with
both types of measurements, Figure 2 plots their ratio as a
function of NSC mass. The shaded area is the rms scatter
of the data around the best fit (σ=0.42dex). For reference,
dashed horizontal lines show the ±50% range around a mass
ratio of 1. The plot shows that within the uncertainties, both
estimates are generally in good agreement. The photomet-
ric estimates appear to be higher by about 20%, but the
significance of this difference is only < 1.5σ. Nevertheless,
a slight overestimation of the photometric mass could be
expected if the assumed NSC metallicity is too high. For ex-
ample, the M/Ls would differ by about 20% between solar
and sub-solar metallicity in the Bruzual & Charlot (2003)
SSP models. Thus, the systematic uncertainty in the photo-
metric and spectroscopic mass estimates due to our choice
of metallicity is much smaller than that caused by the de-
generacy with stellar age, as discussed below.
The NSC photometry in early-type galaxies is col-
lected from two galaxy cluster surveys conducted with with
HST/ACS - the Virgo Cluster Survey (ACSVCS, Côté et al.
2004) with photometry for 56 NSCs (Côté et al. 2006) and
the Fornax Cluster Survey (ACSFCS, Jordán et al. 2007)
with measurements of 31 NSCs (Turner et al. 2012). The
photometric mass of the NSCs of these samples are calcu-
lated in a similar way as for the late-types by using the
gF475W − zF850LP colour and z-band magnitude in the ta-
bles of Côté et al. (2006) and Turner et al. (2012). We note
that our approach in derivingMNSC (from colours at fixed
solar metallicity) differs from that adopted in those studies
(MNSC at fixed age of 5Gyr). According to the Bruzual &
Charlot (2003) SSP models, at a fixed age of 5Gyr, theM/L
can vary by a factor of 2 with metallicity. For solar metallic-
ity, the M/L increases again by a factor of 2 between ages
of 5 and 14Gyr. Therefore, either method carries an equal
amount of uncertainty, roughly a factor of two. Our method
therefore should yieldMNSC values that are consistent with
other studies to within a factor of two.
2.3 Properties of NSCs with massive BHs
For the subsample of NSCs with MBHs, we use the measure-
ments of Neumayer & Walcher (2012) who provide upper
limits for MBH based on velocity dispersions and dynami-
cal mass modelling from VLT/UVES spectra.
Twelve NSCs (one late- and 11 early-type galaxies) in
their sample are not in Georgiev & Böker (2014). For those
NSCs, we use the luminosities obtained by Neumayer &
Walcher from a Multi-Gaussian Expansion fitting technique
(MGE, Emsellem et al. 1994; Cappellari 2002). The remain-
ing seven NSCs in the Neumayer & Walcher (2012) sample
are present in our HST sample, and we therefore use our pho-
tometry to calculate the NSCs masses, as explained in § 2.2.
To check for systematic differences between the two stud-
ies, we calculate the ratio between our and the Neumayer
& Walcher NSC sizes and masses. We find good agreement,
with a mean ratios of 0.81 ± 0.18 for the NSC sizes, and
0.98 ± 0.16 for the NSC masses. The small apparent differ-
ence in derived sizes can likely be attributed to the different
fitting techniques used, elliptical King profiles in Georgiev
& Böker vs. MGE technique in Neumayer & Walcher.
We also include in our sample the NSC and MBH
c© 2014 RAS, MNRAS 000, 1–22
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masses of the Milky Way (MW) and Andromeda (M31).
Their proximity makes these two nuclei the best-studied ex-
amples of systems with reliable mass measurements of both
NSC and MBH. For the MW NSC, we use mass and size
estimates from Schödel et al. (2014),MNSC = (2.5± 0.4)×
107M, reff,NSC = 4.2 ± 0.4 pc. The mass of the MBH in
the MW,MBH = 4.26×106M, is from Chatzopoulos et al.
(2014) based on stellar kinematics. For the total stellar mass
of the MW, we use the value derived by Licquia & Newman
(2014), M? = (6.08 ± 1.14) × 1010M, which is based on
an improved Bayesian statistical analysis accounting for un-
certainties in literature measurements. The MW gas mass is
MMWgas = 1.25 × 1010M (about 17% of its stellar mass),
of which atomic Hydrogen constitutes MHI = 8 × 109M,
warm ionized medium MH+ = 2 × 109M, and molecular
gasMH2 = 2× 109M (Kalberla & Kerp 2009).
The M31 nucleus is a rather complex system (Lauer
et al. 1993). It is composed of a cluster that clearly stands
out above the surrounding bulge within the central 10 pc
and is dominated by light from old stellar populations (Ko-
rmendy & Bender 1999). Its inner 1.8 pc core features a bi-
modal component (Lauer et al. 1993, 1998, 2012), which
is interpreted as a projection of the Keplerian orbits of
stars in a central eccentric disc around the MBH (Tremaine
1995; Peiris & Tremaine 2003). The mass of the MBH is
MBH = 1.4 × 108M (Bender et al. 2005) and that of the
NSC MNSC = 3.5 ± 0.8 × 107M (Lauer et al. 1998; Ko-
rmendy & Ho 2013). We calculate the total stellar mass
of M31 to be M? = 7.88 ± 4.23 × 1010M, using B, V, I
photometry from HyperLEDA5 and using Bell et al. (2003)
M/L-colour relations (see also § 2.5). Our value for the M31
mass is consistent with other stellar population based esti-
mates in the literature, e.g. 10-15 × 1010M (Tamm et al.
2012).
2.4 Sample of massive black holes
Masses of 72 SMBHs and their host galaxies are taken from
McConnell & Ma (2013). They collect literature data from
various sources of the most up to dateMBH measurements.
This sample is used in § 3.3.2 for calculating the SMBH
sphere of influence radius, rinfl,BH.
2.5 Photometric stellar mass of NSC host galaxies
We also calculate the total galaxy stellar mass (i.e. the sum
of their bulge and disk components) for all NSC host galaxies
in our sample. The total galaxy mass is an important quan-
tity for the discussion of formation scenarios for both NSCs
and SMBHs. This is especially true for late-type galaxies
without prominent bulges, where material for the growth of
either CMO must come predominantly from the disk.
Calculating galaxy photometric mass,M?,gal, from in-
tegrated colours in the optical is a challenging task, mainly
due to the age-metallicity degeneracy and assumptions of
galaxy star formation history used by synthetic models.
However, it has been demonstrated that the B−V colour
(including for disk galaxies) offers a good representation of
their stellar population (e.g. McGaugh & Schombert 2014).
5 http://leda.univ-lyon1.fr (Paturel et al. 2003)
We have therefore calculate M?,gal using the empirically
calibrated M/L-galaxy colour relations of Bell et al. (2003).
These relations were obtained by comparing galaxy SEDs at
optical and NIR wavelengths, and by using composite stel-
lar evolutionary models for a range of metallicities and star
formation histories.
For the majority of the galaxies in our samples, we col-
lect photometry (B,B−V, I magnitudes) from HyperLEDA,
i.e. for the galaxies in Georgiev & Böker (2014), Turner et al.
(2012), Neumayer & Walcher (2012) and McConnell & Ma
(2013). The only exception is the ACSVCS sample, for which
we use the photometry derived from a dedicated isophotal
analysis (Ferrarese et al. 2006b).
The McConnell & Ma (2013) catalogue provides host
galaxy bulge stellar mass (either from spherical Jeans mod-
elling of the bulge stellar dynamics, or from M/L-modeling
based on galaxy colours, the latter approach being identical
to ours). However, McConnell & Ma (2013) do not provide
stellar mass estimates for those galaxies in their sample that
contain a significant disk component, i.e. S0 and later types.
For a consistent comparison to the NSC sample, we calculate
the total (bulge+disk) stellar masses of their entire sample
using magnitudes and colours obtained from HyperLEDA
and the Bell et al. (2003) M/L-color relations. To check the
consistency of our results, we compared our galaxy masses
to those of McConnell & Ma (2013) for the early-type galax-
ies in their sample, i.e. for cases where Mbulge ' M?, and
find a very good agreement (to within 10%). Uncertainties
of the photometric masses have been calculated by propaga-
tion of the photometric uncertainties and the uncertainties
associated to the coefficients of the M/L-color relation. To
avoid over-crowding in the figures, galaxies with uncertain-
ties larger than 100% are shown with grey symbols.
2.6 HI and X-ray gas masses
A significant baryonic mass component in late-type galax-
ies is in the form of atomic HI gas. We therefore calcu-
late the HI mass from the HyperLEDA 21-cm line mag-
nitudes, m21, converted to flux (FHI = 10−0.4×(17.40−m21))
using the relation between the MHI and FHI, i.e. MHI =
2.36× 105 ×D2 ×FHI, where D is the distance in Mpc, cal-
culated from the same distance modulus in NED used for
calculating galaxy mass from its luminosity. We note that
we did not correct the HI mass for He fraction or molecular
gas.
Early-type galaxies are known to contain a hot gas com-
ponent, detected as an X-ray halo resulting from thermal
Bremsstrahlung emission, which is known to trace well the
total gravitating mass (e.g. Forman et al. 1985; Fukazawa
et al. 2006). Typically, the hot gas mass is no more than a
few times 109M for a range of galaxy morphologies, envi-
ronments, and luminosities (LK ' 3 − 15 × 1010L) (e.g.
Bogdán et al. 2013b,a; Anderson et al. 2013). This is only
6-7% of the galaxy stellar mass (e.g. O’Sullivan et al. 2003;
Su & Irwin 2013) and is therefore not a significant compo-
nent of the baryon mass budget. Nevertheless, for the early-
type massive galaxies in the McConnell & Ma (2013) SMBH
sample we collect the hot gas mass measured by Su & Irwin
(2013), based on Chandra and XMM data. Unfortunately,
no X-ray measurements exist for most of our late-type sam-
ple, and we therefore do not list the hot gas mass fraction
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in TableA1. Given that the hot gas mass fraction is smaller
in late-type galaxies than in ellipticals Li et al. (2011), and
in any case accounts for only a small fraction of the total
galaxy mass, this does not significantly affect our analysis
or conclusions.
3 RESULTS AND ANALYSIS
Quantifying the relations between NSCs and their host
galaxy, and possible dependence on galaxy morphology,
bears important constraints for models of NSC formation
and evolution, as well as for possible evolutionary connec-
tions to the various incarnations of compact stellar systems
(e.g. massive GCs, UCDs). In addition, they provide insights
into mechanisms that may transform galaxies from late- to
early-type morphologies. With our large sample of NSCs
in late-type hosts, we significantly increase the number of
well studied nuclei in disk-dominated galaxies. This enables
a more statistically meaningful comparison of reff,NSC and
MNSC between early- and late-type galaxies, and extends
the range of host galaxy masses to less massive systems.
3.1 Relations between NSC size and NSC and
host-galaxy masses
The relations between the NSC effective radius and its mass
(reff,NSC -MNSC) as well as the stellar mass of its host galaxy
(reff,NSC-M?,gal) are shown in Figures 3 and 4, respectively.
In both figures, late- and early-type host galaxies are shown
with different symbol and line types, as indicated in the
figure legend. We do not plot unresolved NSCs, i.e. those
with only an upper limit to reff,NSC (see Fig. 4 in Georgiev
& Böker 2014). In both figures, the bottom panel shows
the two-dimensional probability density distribution func-
tion (2D-PDF). The uncertainty weighted 2D-PDFs are es-
timated within a running box of size 0.3 dex within R6. The
2D-PDFs provide a first order quantification of the observed
reff,NSC-MNSC distribution. The thick dashed and solid con-
tour lines in Figures 3 and 4 indicate the 1σ dispersion of the
data.
To more robustly quantify any differences in the
reff,NSC-MNSC and reff,NSC–M?,gal relations between the
two subsamples, we perform a maximum likelihood, linear
(in log-log space) regression analysis by bootstrapping the
data to account for the finite data sample and construct
the posterior PDFs. Our fitting also accounts for the non-
symmetric measurement uncertainties, which are treated as
a combination of two Gaussians, i.e. a split normal distribu-
tion. The fitted linear regression is of the form:
log10(reff,NSC/c1) = α× log10(MNSC/c2) + β, (1)
where the normalization constants (c1, c2) and the best fit
values for the slope (α) and intercept (β) for the different
subsamples are tabulated in Table 1. Description of the fit-
ting technique and results for each relation are provided in
the Appendix §A.
6 R is a free software environment for statistical computing. The
R-project is an official part of the Free Software Foundation’s
GNU project (http://www.r-project.org/).
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Figure 3. Top: Nuclear star cluster size - mass relation, reff,NSC
vs. -MNSC for late- and early-type host galaxies. Small grey
(light) symbols are for NSCs with uncertainties > 100%. Bot-
tom: a contour plot of the two-dimensional probability density
distribution (2DPDF) for the two subsamples. The different sym-
bols and line types are for the different samples, as indicated in
the legend. Thick contour lines mark the 1σ of the 2DPDFs. The
fit to the data is shown with lines, where the narrower darker
(colour) shaded region indicates the uncertainties range of the fit
slope and intercept. The wider and lighter (colour) shaded region
is the 1σ dispersion of the data.
The values of the normalization constants are the high-
est probability density value of the center peaks in the con-
tour plot in Fig. 3. We find that these normalization con-
stants are important for minimizing the correlation between
the slope and intercept, which provides a more realistic un-
certainty estimate of the fits. The posterior probability den-
sity distributions of the slope and intercept for each fitted re-
lation are shown in FigureA1 in §A. We find that logreff,NSC
scales with logMNSC with a slope of α = 0.321+0.047−0.038 for
late-types and 0.347+0.024−0.024 for early-types. The logreff,NSC is
also observed to scale with host galaxy stellar mass with a
slope of α = 0.356+0.056−0.057 for late-types and 0.326
+0.055
−0.051 for
early-types.
The comparison between the 2D-PDFs of NSCs in the
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Figure 4. Top: Nuclear star cluster size versus total stellar mass
of the host galaxy for NSCs in late- and early-type galaxies. Bot-
tom: A contour plot of the two-dimensional probability density
distribution of the two subsamples. The symbol, line types and
shaded areas are the same as in Fig. 3.
late- and early-type subsamples suggests that the reff,NSC–
MNSC distributions are consistent with each other to within
1σ of the dispersion of the data (cf. the solid 1σ contour lines
in Fig. 3, bottom). Within the uncertainties, the relations
for late- and early-type hosts also have very similar slopes,
however, the zeropoint of the fitted relations differ beyond
their 1σ dispersion (cf. the broader shaded region around the
highest density peaks in Fig. 3). This suggests that at fixed
cluster mass, NSCs in late-type hosts are smaller by about
a factor of 2 than their counterparts in early-type hosts.
A similar difference in reff,NSC between late- and early-
type galaxies is also observed as a function of galaxy stellar
mass, (reff,NSC-M?,gal), shown in Figure 4. The reff,NSC in-
creases withM?,gal with an identical slope for both samples,
however, at fixedM?,gal, NSCs in late-type hosts are more
compact by about a factor of 2. In this case, however, the
statistical significance that both distributions differ is less
than 1σ, for the offset, slope and the 2D density distribu-
tions of the data (cf fits’ shaded regions and solid density
contours in Fig. 4). These differences are discussed in § 4.2.
Table 1. Parameters of the fitted relations for late- and
early-type NSC host galaxies.
Host c1 c2 α β σ
type
(1) (2) (3) (4) (5) (6)
log(reff,NSC/c1) = α× log(MNSC/c2) + β
Late 3.31 3.60e6 0.321+0.047−0.038 −0.011+0.014−0.031 0.133
Early 6.27 1.95e6 0.347+0.024−0.024 −0.024+0.022−0.021 0.131
log(reff,NSC/c1) = α× log(M?,gal/c2) + β
Late 3.44 5.61e9 0.356+0.056−0.057 −0.012+0.026−0.024 0.139
Early 6.11 2.09e9 0.326+0.055−0.051 −0.011+0.015−0.040 0.143
log(MNSC/c1) = α× log(M?,gal/c2) + β
Late 2.78e6 3.94e9 1.001+0.054−0.067 0.016
+0.023
−0.061 0.127
Early 2.24e6 1.75e9 1.363+0.129−0.071 0.010
+0.047
−0.060 0.157
log(MNSC/c1) = α× log(M?+HI,gal/c2) + β
Late+HI 2.87e6 1.17e10 1.867+0.158−0.133 0.041
+0.041
−0.042 0.126
log(MNSC+MBH/c1) = α× log(M?,gal/c2) + β
MBH+NSC 5.03e7 2.76e10 1.491+0.149−0.097 −0.019+0.111−0.054 0.233
Note. — The fitted scaling relations are of the form log10(y/c1) = α ∗
log10(x/c2) + β, where in column (1) is the NSC host morphological type,
columns (2) and (3) are the normalization constants obtained from the 2D
PDFs (see § 3.1), in columns (4) and (5) are the slope and intercept and in
(6) is the fit rms dispersion of the data, σ.
3.2 NSC mass – host galaxy stellar mass relation
In Figure 5, we explore the relation between the NSC mass
and host galaxy stellar mass, again separately for late-
(Fig. 5 a) and early-type galaxies (Fig. 5 b). We fit the two
subsamples with the same technique as described in § 3.1.
The best-fit relations are shown with solid lines, while the
shaded regions represent the uncertainties of the fit coeffi-
cients (the narrower, darker region) and the 1σ dispersion of
the data (the broader, lighter region). The direct compari-
son between the relations for late- and early-type NSC host
galaxies in Figure 5 c shows that within 1σ, their 2D-PDFs
(thick contour lines) are indistinguishable from each other.
On the other hand, the comparison also shows that the fit-
ted slopes (solid and dashed lines in Fig. 5 c) are different
between the two sub-samples beyond the 1σ level (i.e. the
darker shaded region in Fig. 5 c do not overlap). This implies
that at higher galaxy mass, early-types have more massive
NSCs than late-types. A similar difference as a function of
galaxy morphology has been also reported earlier (Rossa
et al. 2006; Seth et al. 2008a; Erwin & Gadotti 2012).
The values of the best-fit coefficients are summarized in
Table 1. Our result that the mass of the NSC scales with host
galaxy stellar mass with a slope near unity for late-types,
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Figure 5. Relation between nuclear star cluster mass,MNSC, and host galaxy stellar mass,M?,gal. Panels a) and b) show separately
the relations for late- and early-type galaxies. The histograms on the y2-axes show the NSCs mass distributions for the different samples.
In panel c) we compare the fitted relations from panels a) and b) and their 2D PDF distribution (E for early- and S for late-types).
Thick contour lines indicate the 1σ of the data PDF. Symbols, line types and shaded areas are the same as in Fig. 3.
α = 1.001+0.054−0.067, is in good agreement with the literature,
e.g. Erwin & Gadotti (2012), who derive a slope of α =
0.90±0.21 betweenMNSC and total (bulge plus disk) stellar
galaxy mass in a smaller sample of massive late-type spirals.
We note at this point that the slope of the relation
for the late-types is similar to the slope defined by the
MBH mass and host spheroid mass, MBH–M?,sph, which
is α = 1.05 (McConnell & Ma 2013). However, the MBH–
M?,sph has a zeropoint of 8.46, which is 0.6 dex higher com-
pared to the 7.86 ± 0.1 for our late-types relation. In § 4.2
we discuss first whether the differences between the relations
for late- and early-types are due to measurement biases or
evolutionary differences, and then discuss the implications
for theMCMO–M?,gal relation.
It is perhaps equally interesting to see how theMNSC–
M?,gal relation changes when including the HI mass to the
total host galaxy mass. Naturally, the effect on theMNSC–
M?,gal relation will be larger for gas-rich late-type galaxies.
To gauge the magnitude of this effect, we show in Figure 6 a
the NSC mass distribution for both early- and late-types
against host galaxy stellar mass, M?,gal, and in Figure 6 b
against the total galaxy mass, M?+HI. To guide the eye,
we overplot again the best-fit relations from Fig. 5 in Fig-
ure 6 a. It is evident from Figure 6 b that when the HI mass
is included, the relation for late-types steepens significantly.
This is mostly because the low mass, late-type, galaxies have
the highest HI mass fraction, and thus move noticeably to
the right (i.e. toward higher total mass) in Figure 6 b, caus-
ing the relation to steepens. Due to the purely illustrative
purposes of this comparison, we did not attempt to include
He or molecular mass corrections. Those will only further
strengthen the differences. As mentioned in § 2.6, ignoring
the small fraction (<5%) of the total galaxy mass contained
in X-ray emitting hot gas mass should not significantly affect
our results.
In Figure 6 c we plot MNSC/M?gal, i.e. the fraction of
galaxy mass contained in the NSC. Overall, both for late-
and early-type hosts, the mass of the NSC is about 0.1% of
the galaxy stellar mass (MNSC/M?gal ' 10−3, cf the his-
togram in Fig. 6 c with a dispersion of about a factor of three.
The slope of theMNSC-Mgal relation adds to the broaden-
ing of the histogram projections. The observed NSC mass
fractions in this late-type host galaxy sample are consistent
with the values (0.1-0.2%) reported by earlier studies (e.g.
Rossa et al. 2006; Seth et al. 2008a; Graham & Spitler 2009;
Erwin & Gadotti 2012; Kormendy & Ho 2013). We note that
Erwin & Gadotti (2012) reportedMNSC/M?gal ∼ 0.2% for
Hubble types earlier than Sbc (consistent with our results),
but ∼ 0.03% for later Hubble types, which is lower than the
peak of the distribution in this study. However, partly due
to the slope of theMNSC -M?gal relation theMNSC/M?gal
distribution shows a large dispersion in Fig. 6 c with a 1σ
range between 6× 10−6 (0.006%) and 3× 10−3 (0.1%).
3.3 Relations for coexisting NSCs and MBHs
The identification and study of systems in which NSC and
MBH coexist is important in order to make progress on
a number of open questions. For example, it is not clear
whether this coexistence is possible only in the nuclei of in-
termediate mass galaxies (few×1010M), or what the phys-
ical reason is for the dominance of one or the other at low
and high galaxy mass. Understanding whether there is a
common scaling relation for NSC and MBHs with hostM?
promises to shed light on the processes that govern their
growth, i.e. the processes funnelling matter (gas, stars, star
clusters) towards the deepest point of the host galaxy poten-
tial (e.g. Li et al. 2007; Mayer et al. 2010; Hartmann et al.
2011; Antonini et al. 2012, 2015), and the feedback processes
affecting the growth by either NSC or MBH.
Observationally, however, it is extremely challenging to
populate the respective scaling relations, mostly because in
the absence of accretion activity, the dynamical effects of a
low-mass MBH on the surrounding NSC are below the detec-
tion threshold of current instruments. On the high-mass end,
one could ask why NSC are not observed around SMBHs
with MBH> 108M? To address these questions, we first
look at the combined mass of the NSC and MBH in coex-
isting systems (Neumayer & Walcher 2012), with an eye on
the impact of a MBH that is massive enough to affect more
than 50% of the NSC.
3.3.1 MNSC+BH - host galaxy stellar mass relation
In Figure 7, we show the combined mass of the CMO (i.e.
MNSC + MBH) against host galaxy stellar mass for late-
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NSCs in late- and early-type hosts 9
104
105
106
107
108
109
1010
107 108 109 1010 1011 1012 1013
M
N
SC
 
[M
⊙]
M★ host galaxy [M⊙]
a)
Late-types
Early-types
M
N
SC
 
[M
⊙]
NSCs: late-types
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
early-types
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
104
105
106
107
108
109
1010
107 108 109 1010 1011 1012 1013
M
N
SC
 
[M
⊙]
M★ + HI host galaxy [M⊙]
b)
M
N
SC
 
[M
⊙]
NSCs: late-types
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
early-types
M
N
SC
 
[M
⊙]
M
N
SC
 
[M
⊙]
10-6
10-5
10-4
10-3
10-2
10-1
1
107 108 109 1010 1011 1012 1013
M
N
SC
 
 
/ M
★
M★ host galaxy [M⊙]
c)
M
N
SC
 
 
/ M
★
M
N
SC
 
 
/ M
★
M
N
SC
 
 
/ M
★
M
N
SC
 
 
/ M
★
M
N
SC
 
 
/ M
★
M
N
SC
 
 
/ M
★
 20  40  60  80
10-6
10-5
10-4
10-3
10-2
10-1
 0
N
Late-types
Early-types
Figure 6. Panel a) MNSC–M?,gal relation and in panel b) with added HI mass, M?+HI,gal. NSCs in late- and early-type galaxies
are shown with different symbol types and colours as indicated in the figure legend. For reference, with lines in panel a) we show the
same fits as in Fig. 5, whereas in panel b) are the fits including the HI mass. The fit values for the different samples are given in Table 1.
Panel c) shows the mass of NSC compared to host galaxy stellar mass. Symbols, line types and shaded areas are the same as in Fig. 3.
and early-type galaxies, plotted with light and dark sym-
bols, respectively. The values forMNSC are calculated from
luminosities in Georgiev & Böker (2014) and Neumayer &
Walcher (2012) as described in § 2.2 and 2.3.
The maximum likelihood, bootstrapped, non-
symmetric error weighted fit is shown with a solid
line in Figure 7 a. As before, the shaded regions indicate
the uncertainty of the fit and the 1σ dispersion of the data.
The fit values are listed in Table 1. For comparison, we
overplot the MBH-Mbulge relation from McConnell & Ma
(2013) with a dashed line, and with a dash-dotted line the
MNSC-M?gal relation for late-type galaxies obtained in
§ 3.2 (cf Fig. 5). We find that the sum of the NSC and MBH
masses also defines a relation with host galaxy stellar mass,
with a slope of α = 1.491+0.149−0.097. This slope is similar to that
of the early-type MNSC–M?gal relation (α = 1.363+0.129−0.071),
but significantly steeper than the one for late-type hosts.
We note that theMNSC+MBH −M?,gal is steeper than the
MBH-Mbulge relation (e.g. α = 1.05 ± 0.11, 1.12 ± 0.06,
respectively McConnell & Ma 2013; Häring & Rix 2004). In
their sample of massive late-type spirals, Erwin & Gadotti
(2012) find a slope of α = 1.27± 0.26 for theMBH-M?bulge
relation, but unfortunately, they do not provide a fit against
total galaxy mass.
The fact that theMNSC-M?gal andMBH-Mbulge rela-
tions have similar zeropoint and slope (cf. dash-dotted and
dashed lines in Fig. 7 a) is perhaps not surprising, given that
the bulge mass of early-type galaxies is a good approxima-
tion for the total galaxy stellar mass. In § 4.3, we further
discuss these relations in the context of the coexistence of
NSC and MBH and the transition from one to the other.
In Figure 7 b, we plot the mass ratio between the NSC
and MBH, MBH/MNSC, against host galaxy stellar mass.
The plot shows that at total stellar host masses around
5 × 1010M, the BH mass begins to dominate over the
NSC mass, while for lower galaxy masses, the NSC out-
weighs the MBH. Mass ratios of  1 in late-type galax-
ies were first pointed by Seth et al. (2008a). Subsequently,
Graham & Spitler (2009) also included data for coexist-
ing NSCs and MBHs in early-types, but they considered
the fractional mass ratioMBH/(MNSC+MBH) against host
spheroid mass. Neumayer & Walcher (2012), whose data we
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Figure 7. Sum of the mass of NSC with MBH (panel a) and
their mass ratio (panel b) against host galaxy stellar mass (data
from Neumayer & Walcher (2012)). The different symbol types
indicate late- and early-type galaxies, as indicated in the legend.
Labeled also are the Milky Way and M31. The fit through the
data in panel a) is shown with solid line and the shaded region
indicates the uncertainty of the fit values and the rms of the data.
For reference, dashed line is the McConnell & Ma (2013)MBH-
Mbulge relation and dash-dotted line is the MNSC-M? relation
for late-type galaxies obtained in § 3.2 (discussion in § 3.3 and 4.3).
use here, plot directlyMNSC vs.MBH. From the lack of cor-
relation between the two, they conclude that NSCs and BHs
do not correlate as strongly with each other as they do with
their host galaxy.
3.3.2 MBH to NSC size ratio
There has been a large body of analytical and numeri-
cal work to understand the effect on the formation and
evolution of a NSC due to the presence of a MBH (e.g.
Tremaine 1995; Milosavljević & Merritt 2001; Peiris &
Tremaine 2003; Merritt 2006, 2009; Baumgardt et al. 2005,
2006; Matsubayashi et al. 2007; Bekki & Graham 2010;
Brockamp et al. 2011; Antonini 2013; Lupi et al. 2014;
Mastrobuono-Battisti et al. 2014; Antonini et al. 2012, 2015,
c© 2014 RAS, MNRAS 000, 1–22
10 I. Y. Georgiev, T. Böker, N. Leigh, N. Lützgendorf, N. Neumayer
and many others). In this section, we attempt to explore
this topic from the observational perspective by using the
MBH sphere of influence (rinfl,BH) and the effective (half-
mass) radius of the NSC (reff,NSC). These are observables
that can be linked to theoretical expectations and provide
observational information/expectation as to whether a sig-
nificant fraction of the NSC stars/mass is influenced by
the MBH. For an isotropic, virialized stellar cluster, the
size ratio between NSC and MBH is effectively equivalent
to their mass ratio, because in such an idealized system,
rinfl,BH =GMBH/σ2 and reff,NSC =GMNSC/σ2, and hence
rinfl,BH/reff,NSC≡MBH/MNSC. When rinfl,BH/reff,NSC= 1,
all stars within reff,NSC are strongly bound to the MBH and
have mostly Keplerian orbits. Thus, beyond the reff,NSC,
the cluster will have profile represented by a King model.
Therefore, at this limit, the inner 50% of the NSC potential
(i.e. the stellar orbits) are dominated by the MBH, and the
outer 50% are dominated by the NSC potential/mass distri-
bution. It follows that, for rinfl,BH/reff,NSC>> 1, the “clas-
sic” NSC SB profile should no longer exist, and the NSC
potential should be entirely dominated and shaped by the
MBH. In other words, it is reasonable to expect that when
rinfl,BH/reff,NSC>> 1, the NSC integrity may be compro-
mised, to the point that the very definition of an NSC may
change, both theoretically and observationally.
In what follows, we derive these two characteristic sizes
for NSCs and MBHs, first for nuclei in which both are known
to coexist. We calculate the radius of the BH sphere of influ-
ence as rinfl,BH= GMBH/σ2, whereMBH is from McConnell
& Ma (2013) and Neumayer & Walcher (2012) and σ is the
central velocity dispersion taken from HyperLEDA for the
McConnell & Ma sample, or as measured by Neumayer &
Walcher for their NSC-MBH sample. We note that the σ
values from HyperLEDA may be biased toward higher val-
ues due to the often limited spatial resolution in measuring
σ. Our calculated rinfl,BH values for the McConnell & Ma
sample may be affected by this bias.
In Figure 8 a we plot the ratio rinfl,BH/reff,NSC against
host galaxy stellar mass. For reference, the data points for
the Milky Way (MW) and M31 are labelled, and the unity
ratio is indicated with a dashed horizontal line. As expected,
the MW has a size ratio below one, while M31 falls above
the unity line. This is in line with the observed complex
morphology of the M31 nucleus, while the MW NSC struc-
ture and SB-profile are undisturbed by the presence of the
MBH in its center. In other words, the large size ratio relates
to the larger fraction of the M31 NSC stars (mass) within
the rinfl,BH that are affected by the MBH (as also discussed
in e.g. Peiris & Tremaine 2003). We note that the majority
of the galaxies in the Neumayer & Walcher (2012) sample
have a size ratio below one. It may be interesting to check
whether those galaxies with size ratios similar or greater to
M31 have similarly complex central morphologies.
Another question to ask from this observational per-
spective that can be related to theoretical expectations is
to what extent galaxies with a SMBH could also harbor a
“classical“ NSC with a radius in the range 2 - 5 pc? To ad-
dress this question for the McConnell & Ma (2013) sample
of “pure” MBHs, we show in Figure 8 b the ratio between the
derived rinfl,BH and a “nominal” NSC size of reff,NSC=3pc,
plotted against host galaxy mass7. The vast majority of the
systems have a size ratio that falls significantly above unity,
which is in line with theoretical expectations for the absence
of a NSC.
On the other hand, one could also assume that a pu-
tative NSC in these galaxies has a mass corresponding to
the extrapolation of the reff,NSC- M?,gal relation shown in
Figure 4. In this case, it implies that the NSC initially out-
grew the MBH by a large amount, the theoretical size ratios
are significantly smaller (see Figure 8 ), but still fall above
unity, again favouring the strong impact by the SMBH on
the NSC structure and its stellar velocity field. We further
discuss these observations and their implications in § 4.3.
4 DISCUSSION
We have found noticeable differences in the fitted relations
between MNSC / reff,NSC and host galaxy mass for differ-
ent morphological types, as shown in Figures 3 and 4. We
now investigate whether these differences could provide in-
sight into the evolutionary path of NSCs in different hosts.
In other words, can the properties of NSCs (size, mass) be
traced to the various growth mechanism(s) that result from
the internal secular evolution of the host, such as gas accre-
tion and/or merging star clusters? For example, in late-type
galaxies that are gas rich and harbor young stars and star
clusters, NSC growth is more likely to be ongoing, while in
early-type hosts, the only feasible mechanism today is the
infall of old stellar populations.
4.1 Possible measurement biases in reff,NSC and
MNSC
We first discuss possible biases in the estimates for the sizes
and photometric masses of NSCs. In late-type galaxies, the
derived values for MNSC can be affected if the light (and
hence the color) of the NSC is significantly influenced by
a young stellar population (cf. § 2.5). This effect can cause
the M/L ratio (and thus MNSC) to be underestimated by
up to a factor of 5, for example if 10% of the stellar mass
is ≈5Gyr younger than the rest (cf. § 2.2). However, this
is opposite to what is observed in Figure 3, namely that at
fixed reff,NSC NSCs in late-type galaxies are more massive
than those in early-type hosts. We conclude that the actual
offset between the two populations in Figure 3 may well be
more pronounced.
Another possible bias comes from underestimating
reff,NSC in late-type hosts if the NSC contains a significant
fraction of young stars that are more centrally concentrated.
We detected such an effect in Georgiev & Böker (2014) by
measuring the ratio of NSC sizes in blue and red passbands
(see also Kormendy & McClure 1993, Matthews et al. 1999
and Carson et al. 2015). However, as shown in Figure 10 of
Georgiev & Böker (2014), this bias is < 5% for our NSC sam-
ple, and is thus a negligible effect when interpreting Figure 3.
We also do not expect a significant measurement bias caused
by any contamination of NSC light from the underlying disk
7 We assume a value of 3 pc because it is the most representative
(typical) value for reff,NSC (cf. Fig. 11 in Georgiev & Böker 2014).
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Figure 8. The ratio between the MBH sphere of influence radius, rinfl,BH, and the NSC effective radius, reff,NSC, against host galaxy stel-
lar mass,M?gal. Left: size ratios from directly measured quantities (Neumayer & Walcher 2012).Middle: shows the ratio rinfl,BH / 3 pc
for galaxies with SMBHs from McConnell & Ma (2013) (details in § 2.4 and 3.3). Right: ratio of the rinfl,BH to a predicted reff,NSC
according to the reff,NSC–M?,gal empirical relation derived in § 3.1, Figure 4. Dashed, grey line in all panels indicates a ratio of unity.
Late- and early-type galaxies are shown with different symbols as indicated in the legend. For reference, the Milky Way, M31 and M32
are indicated with labels.
and/or bulge, because i) the galaxies in our late-type sam-
ple are selected to have a low inclination (see § 2.2) which
minimizes this effect, and ii) our PSF-fitting methods im-
plicitly account for any ”background“ emission surrounding
the NSC. Within 0.2′′, only a very steep bulge would be of
a concern, however, by construction of our catalogue of very
late-types, we have no such cases.
A last possible bias in measuring reff,NSC andMNSC in
early-type hosts may arise from an imperfect decomposition
of the combined NSC-bulge surface brightness profile. This
effect is more pronounced for luminous bulges with steeply
rising surface brightness profiles. Côté et al. (2006) tested
how well reff,NSC and MV can be recovered by generating
simulated data of NSCs with a range in size and luminosity.
They find that irrespective of the input NSC size, reff,NSC is
recovered to better than 15%, with a bias toward underesti-
mating reff,NSC with increasing NSC magnitude. Accounting
for such a bias would increase the offset between the early-
and late-type samples in Figures 3 and 4. As for the inferred
luminosity (i.e. mass) of the NSC, Côté et al. (2006) estimate
that it can be overestimated by < 0.1mag for bright NSCs,
and by as much as 0.5mag for the faintest NSCs. This means
that NSC masses in early-type hosts may be overestimated
by up to a factor of three - again causing the separation of
the two subsamples to become more pronounced.
We thus conclude that the differences between the early-
and late-type samples seen in Figures 3 and 4 cannot be
explained by observational biases in deriving reff,NSC and
MNSC, and in fact are likely to be more pronounced when
observational biases are fully accounted for. This strength-
ens our finding that NSCs in late-type galaxies are more
compact, both at fixed NSC mass and at fixed host galaxy
mass.
4.2 Differences in NSC properties for different
host morphologies
As discussed in the last section, measurement biases are in-
sufficient to explain the result that NSCs in late-type galax-
ies are more compact, both at fixed NSC mass and fixed
host galaxy mass (Figures 3 and 4). An obvious question
to ask therefore is which, if any, evolutionary effects could
explain this difference? An increase in NSC size and mass
over time has been demonstrated by a number of numer-
ical simulations of merging clusters (Fellhauer & Kroupa
2002; Baumgardt et al. 2003; Bekki et al. 2004; Brüns et al.
2011; Antonini 2013; Gnedin et al. 2014; Arca-Sedda &
Capuzzo-Dolcetta 2014) or/and mass build up from gas ac-
cretion (Hartmann et al. 2011). In particular, the slope of the
reff,NSC–MNSC relation found in this paper (α ' 0.34+0.05−0.04,
cf Table 1) is consistent with the slope of 0.4 found from
cluster merger simulations (e.g. Bekki et al. 2004). This sug-
gests that the smaller sizes of NSCs in late-types may well
be explained by a scenario in which late-type nuclei have not
(yet) experienced the infall of a large number of stellar clus-
ters, i.e. that they are “lagging behind” their counterparts in
early-type hosts in the accumulation of stellar mass. More-
over, in late-type galaxies in-situ star formation may be the
driving mechanism to grow the NSC, leading to a higher
phase-space density and thus smaller sizes than what can
be reached by cluster merging.
What can the difference between late- and early-types in
theMNSC–M?,gal relation in Figure 5, where early-type nu-
clei show a steeper slope, tell us in this context? As discussed
above, MNSC in early-types may well be overestimated by
about a factor of three in the most luminous host galaxies.
While this effect certainly contributes to the steeper slope
of early-type nuclei, there are also plausible evolutionary ef-
fects that may explain this. For example, the more eventful
merger history of massive early-type hosts likely leads to an
over-proportional growth of their NSCs caused by enhanced
funneling of material to the center, both in the form of gas
and star clusters. Late-type hosts, in contrast, have not ex-
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perienced significant mergers, and in this scenario, their nu-
clei would grow only proportionally to their host mass, re-
sulting in a shallower slope compared to early-types.
As illustrated in Figure 6 b, disk-dominated NSC host
galaxies contain significant amounts of (HI) gas. In a sce-
nario in which late-type galaxies eventually turn into early-
type galaxies, one can ask how their NSCs move from the
steeper late-type relation in Figure 6 b to the shallower early-
type relation. One possible path is to simply remove the gas,
e.g. by ram pressure stripping, and galaxy-galaxy “harass-
ment” in a cluster environment. For a galaxy in isolation, the
only plausible path to remove significant amounts of gas are
stellar winds and/or supernovae from starburst regions (e.g.
Mac Low & McCray 1988; Meurer et al. 1995). In fact, some
low-mass late-type galaxies exhibit wind velocities above
1000 km/s, while their escape velocity is only 400−500 km/s
(e.g. Strickland & Heckman 2009). Such winds will naturally
have the largest impact on the lowest mass galaxies due to
their weaker potentials (e.g. Carraro 2014, and refs. therein).
This could offer an evolutionary path for a NSC host galaxy
from one relation to the other in Figure 6 b, even without in-
volving interactions, leading to a shallowerMNSC-M? rela-
tion when the HI gas mass is removed. However, due to the
galaxy density environments dichotomy between our sam-
ples, we can not exclude the possibility that environmental
effects could make inapplicable one or the other discussed
effects for cluster or isolated galaxies.
We conclude that the differences in reff,NSC between
late- and early-type galaxies are likely due to NSCs and
their host galaxies being at different evolutionary stages.
The differences in MNSC between the two morphological
host types could possibly be explained by measurement bi-
ases, however, some plausible evolutionary effects can not
be ruled out.
4.3 Relations between NSCs and MBHs
In this section we discuss what the relations between host
galaxy stellar massM?,gal and the parametersMMBH+NSC,
MBH/MNSC and rinfl,BH/reff,NSC (§ 3.3) can tell us from ob-
servational point of view about the interplay between these
two types of object.
The apparent lack of systems with MBH at galaxy
masses below 109 M is noteworthy. The extrapolation
of the MNSC+BH-M?gal relation for coexisting NSCs and
MBHs towards lower galaxy masses implies that in this
range, a central MBH is expected to have a mass ofMBH.
104 − 105M. At typical galaxy distances of a few Mpc or
more, this is below the detection limit of current instruments
and analysis techniques.
On the other hand, there is evidence that low- to
intermediate-mass BHs reside in (some) massive globular
clusters (e.g. Lützgendorf et al. 2013, but see also Lanzoni
et al. 2013). They appear to define a shallower scaling re-
lation, which can potentially be explained if they are the
remnant nuclei of stripped galaxies. Indeed, this is a popu-
lar formation scenario for dense stellar systems with MBHs,
such as UCDs (Mieske et al. 2013; Seth et al. 2014).
At the high mass end, on the other hand, NSCs appear
to become rare. This likely implies that as a galaxy grows
in mass, there are processes at work that destroy NSCs, or
prevent their formation on the first place. As discussed in
§3.3.2, the “classical” NSC surface brightness profile, which
is normally well described by a King model, may no longer
be a good representation if the radius of the MBH sphere
of influence (rinfl,BH) is significantly larger than the NSC
effective (or half-mass) radius. In cases where there is only a
MBH in the nucleus, the dissolution of an infalling NSC that
passes through rinfl,BH has been demonstrated in simulations
(Antonini 2013; Mastrobuono-Battisti et al. 2014). A similar
situation can also arise if a MBH spirals into the nucleus
occupied by a NSC (e.g. in an Antennae-like merger where
two galactic nuclei will coalesce; see Antonini et al. (2015)
for the effect of mergers).
In the absence of infalling external objects, it is less
clear how an NSC could be destroyed. As discussed in §3.3.2,
in cases where NSC and MBH coexist, i.e. in the interme-
diate galaxy mass range, the NSC would be destroyed if it
is “outgrown” by the MBH. A potential example for this
process is M31 where the strong dynamical impact of the
MBH on its surroundings are clearly present (e.g. Peiris &
Tremaine 2003). The inner fewpc of the M31 nucleus is
strongly axisymmetric and composed of three main central
components - a central blue component at . 0.2 pc along
with a double-lobed redder component at ∼ 1-2 pc (i.e. each
lobe is located on either side of the central blue compo-
nent), which can be explained as the projection of an edge-
on central disc of stars on Keplerian orbits around the MBH
(Tremaine 1995; Peiris & Tremaine 2003; Brown & Magor-
rian 2013).
On the other hand, in the Milky Way nucleus, the other
well-studied example of NSC-MBH system, the NSC has re-
tained a normal star cluster profile that is well described by a
standard King model (Schödel et al. 2014). This is expected
due to the fact that, in contrast to M31, the rinfl,BH/reff,NSC
(orMBH/MNSC) ratio in the Milky Way is less than 1 (cf.
Figs. 7b and 8a). Next generation of large telescopes and in-
strumentation will help to extend this type of comparison to
other nuclei with coexisting NSC and MBH. As pointed out
by Georgiev & Böker (2014), there are a number of NSCs
that are poorly described by a King model, and constraining
their MBH/MNSC (or rinfl,BH/reff,NSC) ratios would allow
to check whether internal evolution due to the presence of a
MBH is a viable explanation for their complex morphologies.
Of course, it cannot be ruled out that the mass ratio
MBH/MNSC is not affected by evolutionary effects at all,
but is instead governed by the inability to form either ob-
ject in the first place due to destructive feedback from the
formation of the other. This “competitive feedback” scenario
has been discussed by Nayakshin et al. (2009).
5 CONCLUSIONS
We presented an updated analysis of various scaling rela-
tions between Nuclear Star Cluster (NSC) properties (mass
and size) and the stellar mass of their host galaxies. We
compared these scaling relations between late- and early-
type host galaxies, aided by the recent compilation of NSC
properties in a large sample of late-type galaxies (Georgiev
& Böker 2014). We added literature estimates of NSC prop-
erties in a number of other late- and early-type galaxies. Of
special relevance are data for NSCs that harbor a massive
black hole (MBH).
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Our study expands on earlier works (Seth et al. 2008b;
Erwin & Gadotti 2012) that consider the total galaxy stellar
mass (bulge plus disk), instead of only the bulge mass. This
is especially relevant for late-type hosts which have most of
their mass in the disk and therefore provides a more com-
plete picture of the potential supply of matter (e.g. gas and
star clusters) to the nucleus. For comparative purposes we
add to the baryonic mass budget in these galaxies, their HI
and X-ray masses (§ 2.6) to illustrate the amount of available
material to further supply the evolution of the CMO.
We summarize our main results and their implications
as follows:
• We provide photometric masses for all NSCs as well as
their host galaxies, calculated from color-dependent mass-
to-light ratios. These masses are listed in TableA1 (full ver-
sion is available in the online version).
• The NSCs have a typical mass of a few×106M and
constituteMNSC/M?gal ' 0.1%± 0.2% of the total galaxy
stellar mass (§ 3.2, Fig.5, 6), consistent with earlier results.
• We derive empirical scaling relations between reff,NSC
and MNSC and host galaxy total stellar mass for NSCs in
late- and early-type host galaxies. The fit values of these
scaling relations are provided in Table 1.
• The mass–size relation for NSCs shows a ∼ 1.5σ signifi-
cant difference between late- and early-type galaxies (Fig. 3)
that cannot be explained by plausible measurement biases.
At a given MNSC, NSCs in late-type hosts are on average
twice as compact as their counterparts in early-type hosts
(§ 3.1). We interpret this as evidence that NSCs in late-type
galaxies are still evolving, i.e. they still have growth poten-
tial via gas accretion and/or cluster merging in the nucleus.
• The MNSC -M?gal scaling relation for NSCs in early-
type hosts has a steeper slope than that for NSCs in late-
type galaxies. Specifically, NSCs in early-types become pro-
gressively more massive with increasing total galaxy mass,
compared to NSCs in late-type galaxies (Fig. 5 c. We inter-
pret this result as likely being due to measurement bias,
which can reach a factor of three inMNSC in massive early-
type galaxies. However, we can not exclude the possibility
that the difference in slopes is real, as a number of physical
processes could contribute to this trend, such as i) depletion
of the host galaxy mass via ram pressure stripping and/or
galaxy “harassment”, or ii) accelerated NSC growth in mas-
sive hosts due to their enhanced merger history.
• Coexisting NSC-MBH systems define a MBH+NSC -
M?gal relation (§ 3.3, Fig. 7) with a slope consistent with
that defined by NSCs without MBHs in early-types, but
steeper than both the well-known MBH -Mbulge relation
and the relation defined by late-type NSCs without MBHs.
To within the fit uncertainties, the slopes of the MNSC -
M?gal, MBH+NSC -M?gal and MBH -Mbulge relations are
consistent with each other. This is probably suggesting sim-
ilar physical mechanisms driving NSC or/and MBH growth
as a function of galaxy mass.
• We looked at the size ratio between the MBH sphere
of influence and the NSC effective (or half-mass) radius. It
covers a wide range of values (0.01 6 rinfl,BH/reff,NSC6 100,
§ 3.3.2, Fig. 8), and because rinfl,BH/reff,NSC≡ MBH/MNSC,
the limit rinfl,BH/reff,NSC> 1 implies that more than 50%
of the bound NSC stars are on Keplerian orbits around the
MBH. The best example for this scenario is the nucleus of
M31, which has a rinfl,BH/reff,NSC> 1, thus illustrating the
dynamical influence of the MBH on its surroundings. The
NSC-MBH system in the Milky Way nucleus, in contrast,
has a size ratio below 1. It has thus, unsurprisingly, a surface
brightness profile that is well described by a King model.
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APPENDIX A: FITTING METHOD BASICS
There are several methods to fit a straight line through
data. Only few treat measurement uncertainties and finite
data samples, both of which are important for inferring the
most likely values and uncertainties (e.g. Hogg et al. 2010;
Mengersen et al. 2013; Zhu et al. 2015). The method adopted
here for fitting the various subsamples with a straight line
(in a log− log space) also treats non symmetric uncertain-
ties. It consists of a maximum likelihood estimation (MLE)
of the model parameters and data bootstrapping to account
for the finite data samples and build the probability density
distribution (posterior) of model parameters (Nelder &Wed-
derburn 1972; Hogg et al. 2010). This method is very similar
to an MCMC, however, instead of sampling the prior space
to derive posterior density distributions, we sample from the
bootstrapped data. The functional form of the measurement
uncertainties used for the bootstrapping as well as one part
of the noise model in the MLE is expressed as a combination
of two Gaussians joined by common mode value, which in
our case is the location (µ) of the data point:
f(t;µ, 1, 2) = A exp(− (t−µ)
2
221
), if t < µ, and
f(t;µ, 1, 2) = A exp(− (t−µ)
2
222
) otherwise,
where A =
√
2/pi(1 + 2)
−1, and 1, 2 is each side of the
uncertainty. This distribution is known as a split normal dis-
tribution (Gibbons & Mylroie 1973; John 1982). The prod-
uct of these functions along x and y, F =f(x, µx, x1, x2)×
f(y, µy, y1, y2) allows to treat each data point with a prob-
ability density space defined by a split normal distribution,
xy={x1, x2, y1, y2}.
Our dataset can be defined as, D of k indepen-
dent observations, dk = {xk, yk} with uncertainties
 = {2k} = {2x1, 2x2, 2y1, 2y2} described by the split normal
distribution. The model, M (straight line with parameters,
{α, β}) is “predicting” how the data should be distributed.
We therefore do not test for other than linear (in log-log
space) relation between the fitted quantities. The model
dispersion is also described by a Gaussian model (Σ) with
a variance (σ2) orthogonal to the linear regression. The
“noise” we can also note as E ({,Σ}). Thus, the model can
be written as:
yk = α× xk + β + + Σ,
where α and β are the slope and intercept model param-
eters. Thus, the density distribution of the data given the
model can be expressed as:
p(dk|M,E) = 1√
2piσ2
exp{− 1
2σ2
(yk − α× xk − β)2}×
×f(xk, µxk , xk )× f(yk, µyk , yk ).
Following the Bayes rule, which states that the posterior
probability distribution of “observing” a model M (the
linear regression) given the distribution of the data (D) and
its uncertainties (E, incl. model noise) is:
P (M |D,E) =
N∏
k=1
p(dk|M,E)× P (M,E)P (D,E) ,
where P (D,E) is the evidence, i.e. the probability of the
data averaged over all parameters (it also assures that the
posterior distribution integrates to unity), p(dk|M,E) is the
above likelihood of the k−th data point given the model
M . Since the denominator (the data) does not depend on
the model parameters, {α, β}, the Bayesian estimator is
obtained by maximizing the likelihood p(dk|M,E)P (M,E)
with respect to the model (straight line) parameters. As-
suming that the model parameters α and β are uniformly
distributed, then the Bayesian estimator is obtained by
maximizing the likelihood function p(dk|M,E). Or for
convenience, to convert products into to sums, the natural
logarithm of it:
ln p(dk|M,E) = −N ln 2pi2 − 12
N∑
k=1
[
lnσ2 − (yk−αxk−β)2
σ2
−
− lnF (xk, yk, µxk , µyk , xk , yk )
]
In general, this treatment, that followed from discussion
in Bailer-Jones (2015) will be described in details in Foues-
neau et al. (in prep.). For normal distributions the likelihood
function has a closed form expression for the estimator, how-
ever, if the estimator lacks a closed form, a solution can be
obtained by MCMC. The estimator in our case has a closed
form, however, we build our posterior distributions not by
sampling from a wide model prior space (with MCMC tech-
nique, e.g. emcee Foreman-Mackey et al. 2013), but by sam-
pling from a smaller data “prior” space restricted by the
data uncertainties. This data space is generated by boot-
strap from the split normal distribution of the measurement
uncertainties. We note that the classical bootstrapping (N
new data points) makes significant difference only for small
or/and data with large scatter, σ2. In other words, the final
posterior distribution describing the posterior distributions
from j− number of model estimators is defined by:
P (M |D,E) =
n∑
j=1
N∏
k=1
P (dk,j |Mj , Ej)× P (Mj),
where n is the number of new data samples (bootstraps).
This number in our case was chosen to be 1500 to sample
well the posterior distributions. The linear regression model
fitted to our data is of the form:
log10(y/c1) = α× log10(x/c2) + β, (A1)
where c1, c2 are normalization constants, α and β are the
slope and intercept, respectively. As also discussed in § 3.1,
the right choice of normalization constants is important to
minimize the correlation between the slope and intercept.
This provides a more realistic estimation of the uncertain-
ties for α, β and the dispersion, σ, of the data, because it
determines the shape of the posterior probability density
functions (PDFs). Those distributions are shown by his-
tograms in FigureA1. The c1, c2 constants are estimated
a priori from the highest probability density value of the
2D-PDFs of the data. FigureA1 illustrates the results from
fitting each parameter pair. Each line in the top-right panel
represents one of the possible solutions (one bootstrap re-
alisation of the data described by the uncertainty of each
data point) fitted with linear regression, which coefficients
are shown with dots in the lower-left panel. For illustration,
contour lines show the density distribution of the probable
solutions for the slope and intercept. The PDFs of α, β are
shown with histograms, where with red lines is indicated
their highest probability modal value. The solid red line in
the top-right panel shows the final solution for the respec-
tive subsample. The two red, parallel lines indicate the 1σ
dispersion of the data with respect the solid line of the final
solution.
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Figure A1. Results from the bootstrapped, non-symmetric error weighted, maximum likelihood fitting technique. Left and Right figure
columns are for early- and late-type galaxies, respectively. Top row: NSC effective radius versus NSC mass (Fig. 3); middle row NSC
effective radius versus host galaxy stellar mass (Fig. 4); bottom row: NSC mass - host galaxy stellar mass (Fig. 5). For each figure, the
top-left and bottom-right panels show the projected distributions for each realization of the relation slope (α) and intercept (β),
which are shown with dots in the bottom-left panel and some of those are shown with lines in the top-right panel. Their best value
is estimated from the distribution mode value as indicated with solid lines (and density contours, in bottom-left). The thick (red) line
plotted with the data (top-right panel) shows the best solution, where the two parallel lines are the 1σ dispersion to that best fit.
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Figure A1. (Cont’d) Left: Fit for the NSC mass vs. host galaxy stellar plus HI mass,MNSC−M?+HI,gal (Fig. 6 b); Right: Fit for the
NSC plus MBH mass vs. host galaxy stellar mass,MBH+NSC −M?,gal (Fig. 7).
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Table A1. Photometric masses of Nuclear Star Clusters and their host galaxies. (Full table available online only)
Object m−M t reff,NSC MNSC Mgal,? Mgal,HI NSC M/LNSC Galaxy M/Lgal
[mag] [pc] [104M] [107M] [107M] filter [M/L] filter [M/L]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
DDO078 27.82 10. 3.7+0.1−0.00 19.21
+0.48
−0.48 1.22± 0.91 0.00± 0.00 V I 0.92+0.02−0.02 B 1.16
ESO138-G10 30.84 7.9 7.7+0.1−7.7 2427.8
+890.19
−60.69 1824.23± 743.8 3274.47± 1432.55 I 0.45+0.17−0.01 B 1.16
ESO187-G51 31.13 9. 1.8+0.7−0.8 8.34
+3.06
−0.21 66.58± 23.56 282.66± 130.17 I 0.45+0.17−0.01 BI 1.64
ESO202-G41 31. 8.9 1.8+0.3−1.8 7.13
+2.62
−0.18 15.91± 9.83 176.86± 65.16 I 0.45+0.17−0.01 BI 0.75
ESO241-G06 31.44 9. 2.2+0.00−0.4 45.84
+16.81
−1.15 108.34± 39.53 103.72± 54.93 I 0.45+0.17−0.01 BI 1.43
ESO271-G05 32.57 9. 3.1+0.6−0.6 96.83
+32.62
−29.18 104.11± 105.00 114.43± 50.06 V 0.63+0.21−0.19 B 1.16
ESO290-G39 31.33 9. 4.6+1.00−4.5 9.67
+3.54
−0.24 16.72± 5.7 140.87± 74.61 I 0.45+0.17−0.01 BI 0.63
ESO301-IG11 31.23 9.9 3.7+0.3−0.4 61.09
+20.58
−18.41 410.68± 151.75 0.00± 0.00 V 0.63+0.21−0.19 BI 2.66
ESO357-G12 31.76 7. 4.3+0.3−4.3 186.21
+62.73
−56.12 579.22± 320.78 409.9± 66.07 V 0.63+0.21−0.19 BI 2.76
ESO358-G05 31.59 9. 2.7+0.1−2.7 88.15
+32.32
−2.2 342.09± 107.02 100.93± 39.51 I 0.45+0.17−0.01 BI 3.4
ESO359-G29 30.03 9.9 0.5+0.00−0.5 14.84
+19.82
−2.39 22.48± 13.03 60.82± 18.2 B 0.7+0.93−0.11 B 1.16
ESO404-G03 32.58 3.9 2.1+0.1−0.3 121.9
+41.07
−36.74 2356.09± 737.05 165.51± 45.73 V 0.63+0.21−0.19 BI 4.48
ESO418-G08 31.77 7.7 8.3+0.2−8.3 55.11
+1.38
−1.38 264.05± 77.07 190.96± 35.18 UV I 0.45+0.01−0.01 BI 1.53
ESO498-G05 32.52 4.3 6.2+0.00−6.2 805.36
+271.33
−242.74 1316.96± 423.92 0.00± 0.00 V 0.63+0.21−0.19 BV 2.25
ESO502-G20 31.07 5. 1.6+0.00−0.2 23.23
+7.83
−7.00 257.7± 106.37 381.59± 149.37 V 0.63+0.21−0.19 BI 2.83
ESO504-G17 31.84 4.1 2.3+1.7−1.1 124.76
+386.77
−3.12 232.88± 188.92 255.19± 82.26 U 0.15+0.47−0.00 BI 1.48
ESO504-G30 31.71 7.7 2.6+0.3−2.6 109.95
+40.32
−2.75 104.81± 44.79 0.00± 0.00 I 0.45+0.17−0.01 BI 1.35
ESO508-G34 32.43 8.1 1.5+0.00−1.5 51.76
+17.44
−15.6 327.72± 108.61 345.78± 111.47 V 0.63+0.21−0.19 BI 1.77
ESO508-G36 32.51 4.2 38.9+0.00−0.00 727.77
+245.19
−219.35 77.75± 33.37 0.00± 0.00 V 0.63+0.21−0.19 B 1.16
ESO549-G18 32.3 4.8 4.8+0.00−4.8 206.06
+69.42
−62.11 5985.88± 2672.97 46.49± 9.63 V 0.63+0.21−0.19 BI 6.78
ESO572-G22 32.1 6.7 3.8+0.2−0.2 82.79
+27.89
−24.95 420.85± 204.45 138.65± 63.85 V 0.63+0.21−0.19 BI 2.98
IC0239 30.76 6. 2.6+0.1−0.1 123.08
+6.44
−5.25 969.32± 104.01 1516.65± 453.99 BV I 1.13+0.06−0.05 BV 1.45
IC0396 30.79 4. 16.3+0.00−16.3 4033.94
+13863.8
−1291. 422.55± 272.03 66.95± 13.87 BV I 0.65+2.22−0.21 B 1.16
IC0769 32.88 4. 3.5+0.3−3.5 628.05
+211.59
−189.3 628.83± 419.53 303.93± 97.98 V 0.63+0.21−0.19 BI 0.96
IC1933 31.41 6.2 16.4+1.3−3.6 22.18
+7.47
−6.69 169.43± 39.99 495.5± 193.96 V 0.63+0.21−0.19 BV 0.56
IC2056 31.93 3.8 16.1+0.1−0.00 3477.06
+86.93
−86.93 994.53± 298.79 144.98± 76.78 BV I 0.45+0.01−0.01 BV 1.07
IC2129 31.72 7.6 1.9+1.5−1.00 47.00
+145.7
−1.17 1005.9± 366.97 141.77± 29.38 U 0.15+0.47−0.00 BI 3.56
IC3021 32.65 9. 7.2+0.6−7.2 250.03
+84.24
−75.36 8.08± 4.49 30.53± 9.14 V 0.63+0.21−0.19 BI 0.15
IC3298 32.59 5.2 5.4+0.5−1.00 228.03
+76.82
−68.73 59.35± 14.99 50.94± 29.32 V 0.63+0.21−0.19 BI 0.68
IC4710 29.75 8.9 0.8+0.00−0.00 248.81
+22.57
−177.33 125.12± 45.65 642.52± 251.51 BV I 1.53+0.14−1.09 BV 0.9
IC5256 33.52 8. 5.2+0.00−5.2 95.94
+32.32
−28.92 1458.69± 476.79 0.00± 0.00 V 0.63+0.21−0.19 BI 2.52
IC5332 29.62 6.8 2.2+0.1−0.2 18.00
+0.45
−0.45 393.26± 253.18 2168.11± 698.92 BI 0.6+0.02−0.02 B 1.16
M063 29.5 4. 4.2+0.00−4.2 972.95
+3016.15
−24.32 3583.08± 307.57 4370.75± 1308.32 U 0.15+0.47−0.00 BV 1.8
M074 29.93 5.2 3.6+0.00−0.00 1128.37
+533.13
−71.87 1897.02± 1058.45 4625.14± 958.48 BV I 1.69+0.8−0.11 BV 0.92
M083 28.41 5. 0.9+0.00−0.00 76.58
+237.38
−1.91 4008.34± 1806.37 32199.89± 9638.59 U 0.15+0.47−0.00 BV 1.29
M100 31. 4.1 2.5+0.00−2.5 1304.63
+1742.1
−210.28 6871.13± 1916.88 1105.69± 254.6 B 0.7+0.93−0.11 BV 1.65
M101 29.13 6. 0.4+0.2−0.1 169.08
+524.15
−4.23 2015.99± 821.99 12519.67± 4324.14 U 0.15+0.47−0.00 BV 0.77
M106 29.39 4. 4.4+0.4−0.1 93.78
+290.71
−2.34 3439.25± 959.47 5879.1± 2030.57 U 0.15+0.47−0.00 BV 1.64
M108 30.6 6. 2.5+0.2−2.5 97.72
+32.92
−29.45 2158.64± 231.62 2400.79± 663.36 V 0.63+0.21−0.19 BV 1.48
MCG-1-03-85 30.28 7. 2.9+0.2−2.9 250.53
+83.72
−44.86 456.89± 137.27 998.21± 321.79 BV I 2.58+0.86−0.46 BV 1.43
MCG-3-13-63 33.22 3.9 6.8+0.5−1.5 571.76
+14.29
−14.29 462.85± 356.81 564.56± 246.99 V I 0.45+0.01−0.01 BI 1.19
NGC0014 30.54 9.9 5.4+0.7−0.7 45.3
+140.43
−1.13 169.5± 50.92 306.65± 63.55 U 0.15+0.47−0.00 BV 0.97
NGC0247 27.81 6.9 1.00+0.00−1.00 138.67
+46.72
−41.8 281.59± 60.43 7894.3± 2544.82 V 0.63+0.21−0.19 BV 1.07
NGC0275 31.7 6. 1.3+0.00−0.1 242.78
+89.02
−6.07 636.69± 233.68 468.85± 129.55 I 0.45+0.17−0.01 BI 1.37
NGC0300 26.48 6.9 1.9+0.00−0.00 75.37
+27.64
−1.88 217.05± 97.81 33323.29± 16113.24 I 0.45+0.17−0.01 BV 1.2
NGC0337A 30.68 8. 5.00+1.00−0.2 17.27
+6.33
−0.43 173.46± 74.45 1427.65± 394.48 I 0.45+0.17−0.01 BV 0.76
NGC0406 31.57 4.9 1.3+0.00−0.1 66.99
+22.57
−20.19 451.77± 77.56 945.06± 304.65 V 0.63+0.21−0.19 BV 1.16
NGC0428 30.86 8.6 1.2+0.00−0.00 258.23
+237.9
−32.18 346.47± 66.92 1168.7± 269.1 UBV I 0.5+0.46−0.06 BV 0.71
NGC0600 31.8 7. 1.3+0.1−0.1 194.63
+71.36
−4.87 488.23± 94.3 471.81± 119.5 I 0.45+0.17−0.01 BV 0.98
NGC0672 29.44 6. 4.1+0.2−4.1 65.65
+47.84
−5.64 271.02± 58.16 2696.42± 745.05 BV I 0.48+0.35−0.04 BV 0.96
NGC0853 31.61 8.6 2.1+0.00−2.1 201.94
+74.04
−5.05 0.93± 5.6 134.45± 71.2 I 0.45+0.17−0.01 BI 0.12
NGC0864 31.44 5.1 2.7+0.00−0.00 7246.31
+181.16
−181.16 1256.46± 512.3 1471.9± 271.13 V I 5.92+0.15−0.15 BV 0.95
NGC0959 30.47 7.9 7.4+0.1−7.4 215.38
+5.38
−5.38 166.72± 25.04 196.18± 49.69 BV I 0.45+0.01−0.01 BV 0.98
NGC1003 30.16 6. 4.7+0.2−0.1 671.37
+209.04
−112.58 249.00± 74.81 2310.86± 638.52 BV I 3.76+1.17−0.63 BV 0.9
NGC1042 29.56 6. 1.3+0.1−0.00 212.82
+844.18
−77.86 210.81± 108.58 776.82± 214.64 BV I 0.69+2.74−0.25 BV 0.97
NGC1058 29.85 5.1 1.7+0.00−1.6 5157.47
+128.94
−128.94 282.79± 84.96 1124.09± 258.83 BV 4.33+0.11−0.11 BV 1.15
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Table A1 (cont’d)
Object m−M t reff,NSC MNSC Mgal,? Mgal,HI NSC M/LNSC Galaxy M/Lgal
[mag] [pc] [104M] [107M] [107M] filter [M/L] filter [M/L]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC1073 30.7 5.3 0.5+0.1−0.00 338.23
+8.46
−8.46 490.07± 220.85 1094.43± 252.00 BV I 0.45+0.01−0.01 BV 0.83
NGC1156 29.39 9.8 1.3+0.3−1.3 70.48
+218.5
−1.76 145.91± 46.97 940.4± 173.23 U 0.15+0.47−0.00 BV 0.68
NGC1249 30.95 6. 1.9+0.2−1.9 798.07
+191.01
−330.59 293.26± 31.47 1325.05± 518.68 BV I 3.24+0.77−1.34 BV 0.71
NGC1258 32.28 5.7 3.3+0.00−0.1 593.07
+291.72
−529.06 1583.53± 652.77 105.39± 41.25 BV I 4.07+2.00−3.63 BI 3.71
NGC1310 31.7 5. 13.9+1.8−1.2 187.93
+63.31
−56.64 481.5± 216.99 0.00± 0.00 V 0.63+0.21−0.19 BV 0.79
NGC1325 31.24 4. 3.9+0.1−0.00 2417.36
+230.17
−1836.4 1054.76± 181.08 442.93± 122.39 BV I 5.54+0.53−4.21 BV 1.6
NGC1325A 31.7 6.9 3.5+0.00−0.00 335.73
+113.11
−101.19 339.75± 51.04 97.06± 37.99 V 0.63+0.21−0.19 BV 1.1
NGC1326A 31.09 8.8 4.3+0.4−0.8 13.47
+0.34
−0.34 99.31± 100.19 348.46± 144.42 V I 0.45+0.01−0.01 BI 1.33
NGC1385 30.62 5.9 0.4+0.1−0.00 207.59
+5.19
−5.19 584.91± 100.42 488.56± 123.75 BV I 0.45+0.01−0.01 BV 0.91
NGC1406 31.29 4.4 5.8+0.2−0.00 3020.77
+75.52
−75.52 652.77± 364.21 585.76± 121.39 BV I 5.92+0.15−0.15 BV 1.24
NGC1483 31.87 4. 1.6+0.00−0.00 56.75
+19.12
−17.11 270.85± 34.87 412.74± 180.57 V 0.63+0.21−0.19 BV 0.73
NGC1487 29.74 7.2 0.6+0.2−0.00 103.09
+2.58
−2.58 89.97± 21.24 1190.13± 520.67 BV I 0.45+0.01−0.01 BV 0.74
NGC1493 30.27 6. 3.6+0.5−0.00 354.17
+8.85
−8.85 302.39± 84.36 595.58± 219.42 V I 0.45+0.01−0.01 BV 0.93
NGC1494 30.92 7. 4.6+0.2−4.5 48.99
+1.22
−1.22 541.61± 206.94 621.43± 271.87 BI 0.6+0.02−0.01 BI 1.56
NGC1507 30.21 8.5 0.1+2.3−0.1 1644.72
+5098.63
−41.12 140.01± 51.08 615.48± 99.2 U 0.15+0.47−0.00 BV 0.72
NGC1518 29.9 8.2 3.4+0.2−3.4 22.39
+7.54
−6.75 125.55± 29.64 1473.17± 542.74 V 0.63+0.21−0.19 BV 0.73
NGC1559 30.91 5.9 1.5+0.00−0.00 456.74
+69.27
−92.65 587.67± 176.56 833.89± 249.61 BV I 0.99+0.15−0.2 BV 0.53
NGC1566 29.99 4. 2.3+0.00−0.00 14879.65
+1622.2
−13453.3 1524.64± 392.62 1831.74± 590.48 UV I 4.58+0.5−4.14 BV 1.33
NGC1569 27.21 9.6 1.00+0.00−1.00 1683.26
+42.08
−42.08 56.34± 19.34 1242.71± 658.13 UI 0.6+0.02−0.01 BV 0.37
NGC1744 30.18 6.7 3.3+0.00−3.3 113.24
+38.15
−34.13 271.65± 110.76 1960.43± 541.69 V 0.63+0.21−0.19 BV 0.78
NGC1796 30.12 5.2 2.6+0.00−2.6 666.95
+2067.54
−16.67 116.07± 14.94 166.96± 88.42 U 0.15+0.47−0.00 BV 0.99
NGC1809 30.83 5. 4.4+0.00−0.1 201.94
+5.05
−5.05 600.64± 850.71 952.49± 394.77 BV I 0.45+0.01−0.01 BV 2.4
NGC1892 31.14 5.4 1.1+0.00−0.00 738.1
+18.45
−18.45 369.43± 47.57 1095.34± 378.32 BV I 5.92+0.15−0.15 BV 1.00
NGC2090 30.45 4.5 11.9+1.3−0.2 418.79
+141.09
−126.22 1560.47± 770.21 1556.28± 394.18 V 0.63+0.21−0.19 BV 2.11
NGC2139 32.41 5.9 14.8+0.4−14.8 2742.53
+68.56
−68.56 1005.82± 172.68 942.48± 282.12 UI 0.6+0.02−0.01 BV 0.54
NGC2207 31.88 4.6 42.4+0.00−1.6 11046.82
+404.1
−5719.5 1977.39± 1273.02 1096.35± 454.4 UBV I 5.85+0.21−3.03 BV 1.3
NGC2283 29.97 5.9 5.1+0.2−5.1 90.54
+105.44
−6.94 1284.37± 1739.8 2389.38± 1045.33 BV I 0.48+0.55−0.04 BI 3.6
NGC2344 31.01 4.3 20.5+1.1−20.5 15095.95
+1470.7
−11816.5 759.13± 146.62 359.68± 91.1 BV I 3.65+0.36−2.86 BV 1.89
NGC2427 30.34 7.8 3.2+0.1−0.00 403.64
+135.99
−121.66 776.9± 166.72 1396.19± 546.52 V 0.63+0.21−0.19 BV 1.51
NGC2500 30.01 7. 4.9+0.2−0.1 136.19
+3.4
−3.4 220.08± 18.89 509.85± 70.44 BI 0.6+0.02−0.01 BV 1.07
NGC2541 30.39 6. 1.00+0.1−0.1 47.64
+16.05
−14.36 183.92± 82.88 1933.63± 311.66 V 0.63+0.21−0.19 BV 0.71
NGC2552 30.48 9. 1.00+0.00−1.00 266.2
+97.61
−6.66 121.67± 26.11 437.46± 70.51 I 0.45+0.17−0.01 BV 0.67
NGC2748 31.62 4. 2.1+0.00−2.1 172.98
+58.28
−52.14 1538.1± 363.08 655.9± 151.03 V 0.63+0.21−0.19 BV 1.81
NGC2758 32.36 3.9 4.9+0.2−0.00 368.12
+124.02
−110.95 228.02± 90.82 668.23± 153.87 V 0.63+0.21−0.19 BI 0.84
NGC2763 32.22 5.7 2.5+0.2−2.5 381.25
+139.79
−9.53 1324.29± 85.26 320.01± 81.05 I 0.45+0.17−0.01 BV 1.11
NGC2805 32.24 6.9 1.9+0.2−1.9 713.2
+261.51
−17.83 1732.13± 743.42 1398.63± 354.25 I 0.45+0.17−0.01 BV 0.78
NGC2835 30.18 5. 3.4+0.1−0.00 407.00
+926.03
−89.37 505.08± 151.75 1855.03± 555.28 BV I 1.48+3.36−0.32 BV 0.67
NGC2903 29.8 4. 4.3+0.00−0.00 966.52
+24.16
−24.16 3148.39± 675.63 3057.34± 492.79 V R 0.45+0.01−0.01 BV 1.47
NGC2997 30.43 5.1 9.4+0.00−0.00 14179.87
+369.4
−510.28 3623.1± 699.75 3369.11± 853.34 BV I 5.91+0.15−0.21 B 1.16
NGC3041 32.17 5.4 10.2+2.00−10.2 2130.22
+1313.1
−1251.6 3297.31± 424.56 390.67± 62.97 BV I 2.03+1.25−1.2 BV 2.02
NGC3184 30.49 5.9 11.3+1.3−0.00 361.4
+121.76
−108.93 1828.2± 588.49 1397.1± 321.69 V 0.63+0.21−0.19 BV 1.15
NGC3259 32.61 3.7 8.4+0.00−0.00 1621.78
+546.39
−488.82 756.54± 669.39 854.31± 354.08 V 0.63+0.21−0.19 BI 1.17
NGC3274 29.51 6.6 1.5+0.1−1.5 42.87
+12.8
−8.97 25.48± 1.64 788.59± 290.53 UBV I 0.55+0.17−0.12 BV 0.61
NGC3319 30.7 5.9 4.7+0.1−0.1 163.39
+4.08
−4.08 312.97± 100.74 1200.02± 193.42 V I 0.45+0.01−0.01 BV 0.67
NGC3338 31.98 5.1 14.4+0.00−0.00 24440.74
+2546.6
−778.4 2895.8± 1367.14 1989.16± 503.82 BV I 4.02+0.42−0.13 BV 1.14
NGC3344 31.4 4. 16.5+0.00−16.5 6154.78
+153.87
−153.87 4032.78± 692.34 2797.51± 772.98 BV 0.45+0.01−0.01 BV 1.13
NGC3346 31.75 5.9 1.1+0.1−0.00 231.85
+85.01
−5.8 281.5± 184.42 325.39± 89.91 I 0.45+0.17−0.01 BI 0.7
NGC3359 31.42 5.2 6.9+0.1−0.2 879.26
+21.98
−21.98 1427.88± 337.06 2626.18± 423.29 BV I 5.92+0.15−0.15 BV 0.8
NGC3423 30.26 6. 2.2+0.1−0.1 194.11
+14.04
−9.43 284.14± 60.98 763.22± 246.03 BV I 1.43+0.1−0.07 BV 0.73
NGC3445 31.36 8.9 1.4+0.2−0.00 375.1
+9.38
−9.38 160.8± 179.44 374.68± 94.9 UI 0.6+0.02−0.01 BV 0.58
NGC3455 32.55 3.7 2.2+0.1−0.1 639.72
+215.53
−192.82 3717.11± 2075.5 329.62± 75.9 V 0.63+0.21−0.19 BI 7.24
NGC3621 29.14 6.9 1.8+0.00−1.8 657.65
+221.56
−198.22 810.66± 400.12 7832.33± 3246.23 V 0.63+0.21−0.19 BV 1.09
NGC3631 29.81 5.2 28.7+0.1−0.00 2515.14
+67.92
−115.59 741.07± 508.9 720.5± 165.9 BV I 1.39+0.04−0.06 BV 1.15
NGC3666 31.43 5.2 9.6+0.00−0.00 6423.24
+613.63
−4901.0 876.31± 529.89 815.83± 131.5 BV I 4.13+0.39−3.15 BI 1.98
NGC3756 31.73 4. 2.6+0.2−0.00 3867.77
+337.34
−2614.6 1454.92± 811.78 456.93± 126.26 BV I 3.76+0.33−2.54 BV 1.33
NGC3782 30.78 6.5 6.00+0.7−0.5 38.41
+7.9
−5.43 133.36± 31.67 471.46± 162.84 BV I 0.51+0.11−0.07 BI 1.08
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Table A1 (cont’d)
Object m−M t reff,NSC MNSC Mgal,? Mgal,HI NSC M/LNSC Galaxy M/Lgal
[mag] [pc] [104M] [107M] [107M] filter [M/L] filter [M/L]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC3906 30.71 6.7 1.5+0.2−0.1 30.28
+11.1
−0.76 29.42± 22.74 80.81± 29.77 I 0.45+0.17−0.01 BI 0.52
NGC3913 31.15 6.6 24.8+0.8−1.5 128.95
+35.42
−33.85 188.09± 108.98 239.79± 60.73 BV I 0.59+0.16−0.16 BV 1.02
NGC3949 31.35 4. 1.6+0.00−0.00 619.32
+371.1
−46.24 969.8± 208.12 694.04± 143.83 BV I 0.47+0.28−0.04 BV 0.74
NGC4030 31.91 4. 8.5+0.00−8.5 26624.37
+1098.7
−5196.9 35793.98± 11341.25 913.62± 210.37 BV I 5.82+0.24−1.14 BI 7.43
NGC4041 31.78 4. 19.2+0.00−0.00 4618.78
+7422.96
−747.4 1913.64± 492.79 760.71± 175.16 BV I 1.89+3.04−0.31 BV 1.15
NGC4062 31.1 5.3 2.5+0.1−0.00 254.68
+85.8
−76.76 1712.36± 367.47 430.96± 109.15 V 0.63+0.21−0.19 BV 2.01
NGC4096 30.38 5.3 2.8+0.00−2.8 110.15
+37.11
−33.2 1076.21± 438.81 986.48± 272.57 V 0.63+0.21−0.19 BV 1.34
NGC4204 29.48 8. 0.9+0.1−0.00 14.36
+5.27
−0.36 49.2± 26.92 483.02± 166.83 I 0.45+0.17−0.01 BI 2.06
NGC4208 31.19 4.9 12.3+0.00−12.3 497.98
+12.45
−12.45 1425.36± 336.46 201.81± 74.35 UV 0.45+0.01−0.01 BV 1.47
NGC4214 27.43 9.8 1.5+0.00−1.5 102.33
+34.47
−30.84 79.57± 8.54 2590.38± 715.75 V 0.63+0.21−0.19 BV 0.77
NGC4237 31.67 4. 6.5+0.00−0.00 1324.25
+291.43
−55.44 2931.25± 1446.78 76.24± 19.31 BV I 0.98+0.22−0.04 BV 2.82
NGC4242 29.1 7.9 2.2+0.00−0.00 50.35
+16.96
−15.18 145.33± 53.02 637.82± 176.24 V 0.63+0.21−0.19 BV 1.02
NGC4254 30.97 5.2 7.6+0.00−0.00 2916.02
+72.9
−72.9 2707.32± 348.59 1566.01± 432.7 UV 1.45+0.04−0.04 BV 1.04
NGC4276 32.71 7.6 1.7+0.1−0.3 306.19
+103.16
−92.29 355.6± 264.63 109.21± 35.21 V 0.63+0.21−0.19 BI 0.78
NGC4299 31.13 8.5 0.9+0.1−0.00 179.15
+65.69
−4.48 196.28± 126.37 287.92± 72.93 I 0.45+0.17−0.01 BV 0.63
NGC4393 30.3 6.7 2.4+0.2−2.4 47.47
+9.68
−13.12 19.17± 11.87 549.28± 215.01 BV I 0.95+0.19−0.26 BI 0.63
NGC4395 28.15 8.9 1.5+0.00−1.5 226.72
+302.74
−36.54 86.57± 48.3 3871.41± 802.28 B 0.7+0.93−0.11 BV 0.78
NGC4396 30.6 6.9 4.6+0.5−0.4 30.62
+10.32
−9.23 112.76± 24.2 246.81± 73.88 V 0.63+0.21−0.19 BV 0.81
NGC4411b 31.13 6.3 4.8+0.00−0.00 357.45
+131.06
−8.94 303.34± 97.64 282.66± 117.15 I 0.45+0.17−0.01 BV 1.14
NGC4414 31.3 5.2 26.5+0.00−26.5 12344.88
+16484.
−1989.7 6646.18± 1141.0 1037.53± 286.68 B 0.7+0.93−0.11 BV 2.64
NGC4449 27.95 9.8 5.5+0.2−0.00 783.42
+263.94
−236.13 192.67± 152.98 1877.91± 1081.01 V 0.63+0.21−0.19 BV 0.64
NGC4487 31.46 6. 1.1+0.1−0.1 841.81
+21.05
−21.05 2391.55± 1668.16 649.28± 179.4 BV I 0.45+0.01−0.01 BI 2.28
NGC4490 29.36 7. 4.3+0.00−0.2 99.54
+33.54
−30.00 655.61± 239.18 4172.77± 1152.98 V 0.63+0.21−0.19 BV 0.72
NGC4496A 30.95 7.6 0.7+1.2−0.7 168.31
+4.21
−4.21 449.23± 192.81 721.49± 232.58 V I 1.8+0.04−0.04 BV 0.92
NGC4498 31.11 6.4 3.2+0.00−3.2 136.14
+45.87
−41.03 112.62± 119.99 206.4± 71.29 V 0.63+0.21−0.19 BI 0.63
NGC4504 31.64 6. 3.9+0.00−3.8 709.76
+819.46
−417.2 3458.9± 1861.6 1450.06± 534.22 BV I 1.06+1.23−0.63 BI 3.23
NGC4517 30.14 6. 2.3+0.2−2.3 70.14
+23.63
−21.14 1200.59± 334.94 1799.69± 497.27 V 0.63+0.21−0.19 BV 1.71
NGC4522 31.22 6. 11.8+0.2−11.8 132.43
+44.62
−39.92 421.92± 197.64 182.72± 88.35 V 0.63+0.21−0.19 BI 1.67
NGC4525 31.11 5.9 0.9+0.00−0.00 132.65
+88.61
−10.69 323.63± 330.05 148.15± 34.11 BV I 0.48+0.32−0.04 BI 1.82
NGC4534 30.93 7.8 4.1+0.2−4.1 96.4
+33.68
−32.15 123.77± 99.61 976.5± 157.39 BV I 0.7+0.24−0.23 BI 0.99
NGC4540 31.13 6.2 3.2+0.00−3.2 151.78
+55.65
−3.79 843.45± 181.00 102.63± 51.99 I 0.45+0.17−0.01 BI 2.01
NGC4559 29.63 6. 1.3+0.00−0.00 179.15
+4.48
−4.48 543.47± 163.28 3600.6± 994.88 BV I 0.45+0.01−0.01 BV 0.75
NGC4567 31.9 4. 2.1+0.00−2.00 4385.23
+1477.4
−1321.7 2819.97± 1210.31 380.62± 210.34 V 0.63+0.21−0.19 BV 1.9
NGC4571 31.09 6.5 2.3+0.00−0.1 824.36
+20.61
−20.61 558.88± 323.82 215.85± 64.61 V I 5.92+0.15−0.15 BV 0.84
NGC4592 30.13 8. 1.1+0.1−0.1 63.39
+21.36
−19.1 104.06± 82.65 1900.68± 656.47 V 0.63+0.21−0.19 BI 0.98
NGC4595 31.12 3.8 0.3+1.4−0.2 227.62
+5.69
−5.69 207.69± 107.01 135.2± 34.25 BV I 0.45+0.01−0.01 BI 1.03
NGC4597 31.15 8.7 3.4+0.1−0.2 176.19
+59.36
−53.11 349.52± 127.51 801.36± 313.68 V 0.63+0.21−0.19 BI 1.42
NGC4618 29.31 8.7 4.2+0.00−0.2 268.26
+6.71
−6.71 163.2± 52.53 1083.79± 349.37 BI 10.58+0.26−0.26 BV 0.77
NGC4625 29.57 8.8 8.9+0.00−8.9 265.6
+6.64
−6.64 67.24± 14.43 423.27± 116.95 V I 3.87+0.1−0.1 BV 1.11
NGC4631 29.19 6.6 5.6+0.2−0.1 63.39
+21.36
−19.1 1207.2± 647.65 7036.88± 2268.42 V 0.63+0.21−0.19 BV 1.07
NGC4634 27.73 5.9 1.5+0.1−1.5 2.45
+0.83
−0.74 25.06± 9.14 119.9± 30.37 V 0.63+0.21−0.19 BV 2.05
NGC4635 31.86 6.6 4.3+0.4−0.3 617.53
+271.62
−375.16 103.00± 82.84 141.71± 39.16 BV I 2.28+1.00−1.39 BI 0.56
NGC4639 31.7 3.5 10.3+1.5−0.00 1122.41
+28.06
−28.06 1849.56± 238.15 339.65± 109.49 UB 0.6+0.02−0.01 BV 1.7
NGC4651 32.22 5.2 29.4+0.3−0.00 65060.9
+7189.5
−59834.4 3518.39± 679.53 1099.42± 278.47 BV I 5.46+0.6−5.02 BV 1.08
NGC4656 28.99 9. 2.00+0.1−0.1 144.94
+81.44
−3.62 442.54± 617.29 3779.27± 1131.27 V I 3.88+2.18−0.1 BV 0.74
NGC4700 30.6 4.9 1.00+0.00−0.00 269.15
+90.68
−81.12 194.67± 93.88 417.21± 124.89 V 0.63+0.21−0.19 BI 0.76
NGC4701 32. 5.9 2.4+0.00−0.00 3992.2
+1463.81
−99.81 408.71± 26.31 807.63± 334.73 I 0.45+0.17−0.01 BV 0.66
NGC4771 31.45 6.2 1.9+0.1−0.4 428.64
+1328.78
−10.72 2070.37± 1059.81 291.17± 73.75 U 0.15+0.47−0.00 BI 4.17
NGC4775 32.12 6.9 2.2+0.00−0.2 1679.63
+615.86
−41.99 2650.88± 2400.74 557.78± 179.81 I 0.45+0.17−0.01 BI 1.34
NGC4781 30.83 7. 4.9+0.2−0.2 149.28
+50.29
−44.99 829.41± 374.2 652.92± 255.58 V 0.63+0.21−0.19 BI 1.18
NGC4790 31.87 4.8 5.00+0.2−0.00 10142.65
+253.6
−253.57 1683.52± 1749.13 343.3± 118.57 BI 0.6+0.02−0.01 BI 2.37
NGC4806 32.45 4.9 2.5+0.5−0.00 289.73
+97.61
−87.33 1416.21± 537.25 173.52± 95.89 V 0.63+0.21−0.19 BI 2.04
NGC4861 30.32 8.9 2.7+0.2−0.4 13.74
+4.63
−4.14 176.15± 189.00 597.54± 178.87 V 0.63+0.21−0.19 B 1.16
NGC4900 31.86 5.2 3.1+0.1−3.00 1726.68
+43.17
−43.17 1314.24± 282.03 349.46± 72.42 BV I 0.45+0.01−0.01 BV 0.96
NGC4904 31.68 5.8 2.5+0.00−0.2 171.09
+62.73
−4.28 837.04± 341.29 257.33± 106.65 I 0.45+0.17−0.01 BV 1.31
NGC4942 32.68 6.9 12.1+0.3−0.00 1374.02
+462.91
−414.14 2422.53± 1427.51 207.72± 100.44 V 0.63+0.21−0.19 BI 3.2
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Table A1 (cont’d)
Object m−M t reff,NSC MNSC Mgal,? Mgal,HI NSC M/LNSC Galaxy M/Lgal
[mag] [pc] [104M] [107M] [107M] filter [M/L] filter [M/L]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC5054 31.35 4.2 8.3+0.8−0.00 1042.3
+351.16
−314.16 2685.77± 749.26 433.9± 99.91 V 0.63+0.21−0.19 BV 1.7
NGC5068 28.9 6. 4.9+0.1−0.2 53.11
+1.33
−1.33 482.79± 165.77 2045.07± 612.16 BV I 0.45+0.01−0.01 BV 1.2
NGC5112 32.15 5.8 6.6+0.3−1.3 130.98
+3.27
−3.27 664.3± 171.07 793.00± 200.85 BV I 0.45+0.01−0.01 BV 0.79
NGC5204 28.38 8.9 0.4+0.00−0.00 22.7
+3.39
−0.81 38.71± 4.15 1455.25± 301.57 BV I 0.8+0.12−0.03 BV 0.67
NGC5264 28.27 9.7 0.4+0.00−0.00 58.74
+1.47
−1.47 34.12± 4.39 172.01± 43.57 V I 1.18+0.03−0.03 BV 1.11
NGC5300 31.82 5.2 20.6+0.00−20.6 1632.47
+46.78
−103.23 924.83± 1480.2 295.33± 61.2 BV I 0.96+0.03−0.06 BI 2.06
NGC5334 32.78 5.2 11.9+0.4−0.7 708.96
+174.51
−297.61 615.6± 894.66 520.15± 143.72 BV RI 0.76+0.19−0.32 BI 0.76
NGC5398 29.6 7.9 1.1+0.1−1.1 107.78
+16.27
−75.1 2636.58± 2400.82 383.26± 105.9 UBV I 1.45+0.22−1.01 BI 2.96
NGC5427 32.62 5. 8.6+0.00−8.6 4897.71
+1650.1
−1476.2 2979.75± 767.33 981.48± 203.39 V 0.63+0.21−0.19 BV 1.07
NGC5474 28.9 6.1 3.9+0.2−0.3 13.75
+0.34
−0.34 118.19± 63.41 1732.64± 518.64 BI 0.6+0.02−0.01 BV 0.93
NGC5530 30.35 4.2 2.6+0.00−0.00 511.44
+30.05
−193.4 2254.01± 581.45 782.04± 252.1 BV I 1.57+0.09−0.59 BI 3.59
NGC5556 31.36 6.7 2.3+0.5−0.1 159.38
+43.77
−41.83 581.34± 237.03 720.55± 232.28 BV I 0.59+0.16−0.16 BV 1.23
NGC5584 32.01 6. 9.1+0.4−9.1 177.89
+4.45
−4.45 342.15± 466.96 548.89± 126.39 UI 0.6+0.02−0.01 BI 0.72
NGC5585 29.7 6.9 1.5+0.1−0.00 77.48
+1.94
−1.94 217.54± 65.36 1747.53± 402.38 V I 0.45+0.01−0.01 BV 0.78
NGC5668 32.15 6.9 2.9+0.1−0.00 377.76
+9.44
−9.44 1357.65± 262.21 697.07± 224.71 V I 0.45+0.01−0.01 BV 0.98
NGC5669 31.99 6. 4.5+0.6−4.5 45.42
+16.65
−1.14 974.93± 1642.38 716.05± 164.88 I 0.45+0.17−0.01 BI 1.79
NGC5774 32.41 6.9 5.6+0.9−1.00 91.46
+33.53
−2.29 969.02± 1060.54 658.07± 212.14 I 0.45+0.17−0.01 BV 1.14
NGC5789 32.07 7.8 2.8+0.3−2.8 77.48
+28.41
−1.94 299.97± 296.12 150.35± 45.01 I 0.45+0.17−0.01 B 1.16
NGC5964 32.18 6.9 2.4+0.4−0.1 363.3
+183.73
−68.03 44397.45± 40623.54 704.83± 113.61 BV I 0.54+0.27−0.1 BI 2.68
NGC5970 32.36 5. 15.6+0.00−0.00 645.64
+217.52
−194.6 4062.3± 3399.85 360.52± 99.62 V 0.63+0.21−0.19 BV 1.63
NGC6384 32.03 3.6 15.9+0.5−0.00 1264.71
+426.09
−381.19 4275.67± 2293.86 1247.46± 258.51 V 0.63+0.21−0.19 BV 1.33
NGC6412 31.86 5.2 2.00+0.1−0.00 399.22
+146.38
−9.98 847.97± 127.38 439.95± 81.04 I 0.45+0.17−0.01 BV 0.91
NGC6503 28.66 5.8 3.3+0.00−3.3 97.72
+32.92
−29.45 366.61± 70.81 1430.42± 395.24 V 0.63+0.21−0.19 BV 1.62
NGC6509 32.25 6.5 1.3+1.4−0.4 725.9
+18.15
−18.15 1265.55± 869.07 512.83± 129.89 V I 0.94+0.02−0.02 B 1.16
NGC7090 29.7 5. 1.1+0.00−1.1 302.52
+126.25
−223.1 435.67± 84.14 1536.12± 636.67 BV I 2.61+1.09−1.93 BV 1.24
NGC7162 32.79 4.8 13.6+0.00−13.6 695.01
+234.15
−209.48 1138.66± 219.92 377.05± 147.59 V 0.63+0.21−0.19 BV 1.2
NGC7188 32.01 3.5 4.2+0.2−0.00 512.85
+172.78
−154.58 1330.59± 453.73 36.26± 7.52 V 0.63+0.21−0.19 BI 4.07
NGC7421 31.95 3.7 13.6+0.00−13.5 1745.79
+588.17
−526.19 1128.63± 193.76 137.36± 63.26 V 0.63+0.21−0.19 BV 1.36
NGC7424 30.3 6. 6.8+0.3−0.00 100.28
+2.51
−2.51 567.91± 280.31 3249.35± 897.83 BV I 0.45+0.01−0.01 BV 0.84
NGC7462 30.57 3.6 3.6+0.2−0.00 454.98
+153.29
−137.13 1330.71± 549.3 524.21± 156.91 V 0.63+0.21−0.19 BI 3.49
NGC7689 32.05 5.9 5.9+0.2−0.00 1130.35
+414.46
−28.26 3886.05± 719.8 738.87± 289.22 I 0.45+0.17−0.01 BI 2.72
NGC7713 30.07 6.7 1.4+0.00−1.4 115.14
+2.88
−2.88 155.89± 73.6 789.18± 254.4 UBV I 0.45+0.01−0.01 BV 0.49
NGC7741 30.89 5.9 3.1+0.7−3.1 128.59
+3.21
−3.21 574.29± 271.13 832.81± 172.59 BV 0.45+0.01−0.01 BV 0.82
UGC02302 30.73 8.8 1.8+0.1−1.8 51.77
+1.29
−1.29 112.17± 98.69 912.09± 189.01 V I 1.8+0.04−0.04 B 1.16
UGC03574 31.47 5.8 3.9+0.2−0.2 410.27
+382.53
−250.14 40089.42± 32447.31 680.31± 109.65 BV I 2.3+2.14−1.4 BI 1.60
UGC03698 29.3 9.8 1.8+0.1−0.00 3.23
+1.18
−0.08 9.57± 5.34 109.31± 55.37 I 0.45+0.17−0.01 B 1.16
UGC03755 28.49 9.9 0.4+0.3−0.00 5.99
+0.15
−0.15 5.62± 5.91 159.33± 55.03 V I 0.45+0.01−0.01 BV 0.85
UGC03826 32.17 6.6 5.5+0.3−5.5 109.95
+40.32
−2.75 204.87± 180.25 452.7± 83.39 I 0.45+0.17−0.01 B 1.16
UGC03860 29.3 9.8 1.4+0.00−0.1 4.18
+1.53
−0.10 4.78± 0.72 183.08± 42.16 I 0.45+0.17−0.01 BV 0.69
UGC04499 30.54 8. 3.00+0.4−3.00 13.34
+4.89
−0.33 0.03± 0.17 419.42± 106.23 I 0.45+0.17−0.01 BI 0.02
UGC04904 31.8 4.3 2.4+0.6−2.4 112.57
+38.38
−71.09 94.51± 70.99 0.00± 0.00 BV RI 4.52+1.54−2.86 B 1.16
UGC04988 31.63 9. 1.4+0.2−0.1 81.89
+30.03
−2.05 42.3± 18.48 46.68± 32.24 I 0.45+0.17−0.01 BI 1.27
UGC05015 31.73 7.9 9.9+0.4−9.9 87.34
+32.02
−2.18 22.16± 14.3 135.47± 81.1 I 0.45+0.17−0.01 BI 0.87
UGC05189 33.13 1 0.0 39.6+2.3−3.6 503.68
+12.59
−12.59 378.12± 405.71 650.66± 494.41 UI 0.6+0.02−0.01 BV 0.6
UGC05428 27.86 9.8 2.5+0.00−0.1 6.84
+0.17
−0.17 1.64± 1.13 50.45± 54.6 V I 1.29+0.03−0.03 B 1.16
UGC05692 28. 8.8 0.3+0.00−0.00 21.32
+0.53
−0.53 32.92± 14.13 0.00± 0.00 V I 0.94+0.02−0.02 BV 2.56
UGC05889 29.19 8.9 1.00+0.00−0.00 122.49
+3.06
−3.06 15.75± 3.72 103.6± 28.63 V I 5.92+0.15−0.15 BV 1.2
UGC06192 32.3 3.5 2.9+0.1−2.9 147.64
+54.14
−3.69 29.64± 12.37 0.00± 0.00 I 0.45+0.17−0.01 BI 0.83
UGC06931 31.23 9. 1.9+0.7−0.4 11.3
+4.14
−0.28 47.59± 31.35 106.18± 46.45 I 0.45+0.17−0.01 BI 1.09
UGC06983 31.64 5.9 1.5+4.3−0.2 60.24
+4.54
−3.46 244.09± 254.09 598.94± 165.49 BV I 0.47+0.04−0.03 BI 1.07
UGC07943 31.49 6. 6.6+0.3−6.6 43.45
+14.64
−13.1 217.31± 55.96 174.28± 72.23 V 0.63+0.21−0.19 B 1.16
UGC08041 31.17 6.9 10.3+0.4−0.1 546.03
+13.65
−13.65 67.79± 105.77 373.58± 120.43 BV I 0.45+0.01−0.01 BI 0.7
UGC08085 32.35 5.8 9.9+2.7−1.4 106.17
+35.77
−32.00 929.76± 619.81 347.26± 119.94 V 0.63+0.21−0.19 BI 3.92
UGC08516 31.83 5.9 11.2+0.3−0.00 236.16
+86.59
−5.9 145.77± 78.55 90.07± 20.74 I 0.45+0.17−0.01 BI 1.02
UGC09215 32.06 6.3 0.8+2.3−0.00 1738.62
+911.3
−1262.07 595.19± 702.9 395.22± 145.6 BV I 2.63+1.38−1.91 BI 1.98
UGC11583 29.21 10. 1.1+0.1−0.00 255.99
+6.4
−6.4 11.24± 6.51 369.81± 153.27 V I 3.87+0.1−0.1 B 1.16
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Table A1 (cont’d)
Object m−M t reff,NSC MNSC Mgal,? Mgal,HI NSC M/LNSC Galaxy M/Lgal
[mag] [pc] [104M] [107M] [107M] filter [M/L] filter [M/L]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
UGC12732 30.46 8.7 3.2+0.1−0.1 76.77
+28.15
−1.92 70.19± 61.76 1028.9± 213.22 I 0.45+0.17−0.01 B 1.16
UGCA086 27.12 10. 5.6+0.00−5.6 74.68
+1.87
−1.87 113.31± 121.58 3072.5± 1131.95 V I 0.45+0.01−0.01 B 1.16
UGCA196 31.44 6.3 34.5+0.00−34.5 392.64
+132.28
−118.34 265.69± 83.02 751.41± 224.92 V 0.63+0.21−0.19 BI 1.2
UGCA200 29.01 10. 1.4+0.00−1.4 8.98
+0.22
−0.22 2.61± 2.07 0.00± 0.00 V I 0.45+0.01−0.01 B 1.16
Note. — Columns: (1) NSC host galaxy ID, (2) Adopted distance modulus and (3) galaxy morphological code ((1-2-3) are the same as in
Georgiev & Böker 2014); (4) NSC effective radius measured in F606W or F814W or F450W or F300W , as available in this order. We note that
differences in sizes in the different bands are < 10% (see Georgiev & Böker 2014, for discussion); (5) NSC mass calculated using the M/L given
in (9) for the F606W (V) or F814W (I) or F450W (B) or F300W (U) filter in this priority order, e.g. if Colour is UBV I, the value is the M/LV
error weighted average from the M/LV s from the various colour combinations containing V -band. NSC host galaxy stellar and HI mass (6 and
7), where the used colour and M/LB are in (10) and (11).
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